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PREFACE 


Whek the General Editor invited me to write this volume for 
the series of handbooks of which it forms a unit, I felt that one 
must have a good excuse before adding to the ever-increasing stream 
of technical publications; it is a constant source of wonder how 
readers can find time to cope with them. 

The excuse I offer is that there is no other work in the English 
language which brings together for reference and comparison 
detailed information as to the nature, preparation and properties 
of every solvent of industrial importance in the paint and allied 
industries. Whether this will justify the book, it is for the reader 
to say. 

To establish the limitations of my-task I define a volatile solvent 
as an organic liquid which can be distilled wdthout decomposition, 
which is capable of complete evaporation at atmospheric tempera¬ 
tures and which has a pronounced solvent action on oils, fats, 
waxes and similar substances without altering their chemical 
composition. This definitely excludes the less volatile compounds 
used as plasticisers, as well as the vegetable oils. 

Whilst the work was in preparation the centenary of the dis¬ 
covery of benzene by Faraday was celebrated (June 16th, 1925). 
Of the sixty-odd substances here described only three were in 
industrial use before his time. When the sun first shone in the 
twentieth century the number in general use could be counted on 
the fingers, and within the past ten years the number available 
has been almost doubled. Whilst, therefore, much that is said 
about the old-established solvents is condensed from what has 
been said already, my daily experience of inquiries for information 
leads me to hope that an account of the more recent additions to 
the list will be welcomed. Most of such information I have obtained 
at first hand. It is not always possible to indicate clearly where 
personal experience is supplemented by statements derived from 
current technical literature without detracting from the read¬ 
ability ” of a book, but no important statement derived from 
published researches has been made without due acknowledgment. 
I have not hesitated to express my personal views on some points 
where opinions differ, but in doing so I have endeavoured to dis¬ 
tinguish such individual opinions clearly from generally accepted 
views. 

As regards the analysis of solvents, I have taken the line of 
excluding detailed description of apparatus and methods as readily 
accessible in works on analysis, indicating briefly important tests 
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for purity in addition to the physical properties on whio 
identification of a solvent mainly depends. 

In the last chapter I have outlined some of the theo] 
considerations involved in the use of solvents. Full disci 
of such points would be out of place in a handbook for g< 
use, and these brief observations will have served their pr 
if they indicate some of the problems confronting the paint 
nologist and emphasise the need for realisation of that dres 
every progressive paint chemist—an organisation for syste 
research on paint technology. 

It is impossible to acknowledge adeq^uately the willing res 
I have met with from so many whose assistance I have soug 
verifying my data; I must aclmowledge, however, that throuj 
the preparation of the work I have received constant advio€ 
assistance from Mr. W. H. Thorns and Mr. W. Passmore, 
addition, they have undertaken the irksome task, so invali 
to the author, of checking over the manuscript and suggesting i 
improvements. 

It is futile to attempt literary style in dealing with massi 
uninspiring technical data, where accuracy in statement of 
is the primary consideration, but I have endeavoured to a 
the temptation to utilise technical terms as stepping stone 
difficult points, and to give the facts, as I understand them, ir 
simplest and fewest words. 

Noel Heato 

Savage Clvh, 

Adelphi, W.C,, 

October 1925. 
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is fully saturated with hydrogen and which are therefor 
stable compounds comparatively inert to chemical action, 
on this account that they are known as the paraffin scric^ 
parum afjinis, little affinity.) The paraffins from CH 4 to 
have been identified in petroleum, the most important mi 
being the group from C 5 H 12 to O 15 H 32 . Tlio unsaturated 
and naphthene hydrocarbons are also found and hydrocarb 
the benzene series are present to a less extent. The numb' 
relative proportions of this large range of hydrocarbons j 
varies enormously in the oils obtained in different parts 
world. Thus American petroleum is particularly ricli in pa 
and olefines and contains very little of the aromatic series, 
the oil obtained in Roumania contains a much larger proporf 
these benzene hydrocarbons. The content of sulphur dcriv 
and other impurities also varies very considerably and the 
position of the oil in this respect materially affects its tec 
value. 

By distillation of the crude oil it can be split up into a nt 
of fractions containing groups of hydrocarbons of varying b 
points, ranging from volatile spirits to solid waxes. Jfrom 
again by further fractional distillation a wide range of px 
products is obtained. The first refining of the crude oil is o 
out at the oil wells, where the oil is subjected to a prelim 
distillation and separated into three portions :— 

Tops—consisting mainly of highly volatile spirits. 

Middles—containing the solvents and light oils. 

Bottoms—containing the non-volatile oils and waxes. 

These semi-crude products are shipped to the varioxis oil refii 
concerned in the production of motor spirits, solvent spiritj- 
bmning and lubricating oils respectively. The nomcnclatu 
the various refined products obtained, most of which are stil 
definite chemical compounds, but a mixture of several hydrocai 
of closely approximating boiling points, is in a state of coiiHide 
confusion owing to the fact that as the industry developed distil 
of closely similar character have attained industrial import 
under a variety of different names in different industries. 

In the early days of petroleum, its chief importance was a 
illummant, taking the place of colza and other oils at a time x 
gas was m Its infancy and electric light was practically unku' 
its rapid adoption for this purpose led to its practically excli 
use as a lamp oil, under the names coal oil, kerosene, paraffin 
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naphtha. For this purpose a slowly volatile oil is essential, as the 
highly volatile hydrocarbotis burn too quickly and are dangerously 
inflammable. The volatile portions of the petroleum were therefore 
removed in the refining of paraffin, and these became a cheap by¬ 
product with its rai^id increase in consumption. 

It is now about a quarter of a century since experiments in the 
utilisation of this by-product resulted in its adoption as a fuel for 
internal combustion engines tinder the name of “ gasolene,” which 
rendered possible the development of the motor-car industry of 
to-day. The name gasolene is still generally retained in the United 
States, although petrol has now become the recognised name for 
this fraction in this country. With the growth of the motor car 
the demand for this highly volatile distillate left a surplus of the 
less volatile spirits—too volatile to bo retained with safety in lamp 
oils, but not suflicicntly volatile for the rapid vaporisation required 
in a motor spirit. This was available at a very low price and was 
introduced into the paint industry as a cheap substitute for turpentine 
• under the names “ benzoline,” ” benzine ” and “ petroleum spirit.” 
It is only within the past few years that this product has become 
standardised as a recognised product and taken a definite place in 
the industry under the accepted name of “ white sj)irit.” 

The following is a general classification of the various petroleum 
distillates and the apjiroxiniaie proportion in which they are con¬ 
tained in the crude oil :— 

P('trol ati<l v<)l)i(.il<» spii'itH about 20 per cent. Hoiling point 0° to 150°. 

Wbilo H|)irit ,, 5 ,, ,, „ ,, 150" to 200". 

Uunmijj; oils ,, .‘{0 ,, ,, ,, ,, 200° to 300". 

Jjubricatmp; and fiiol oils ,, 35 ,, ,, ,, ,, 300" to 350". 

I’ai'alliii waxes ) 

Pitch and coke j ” ” 

The pro[)ortlons given must only be regarded as the roughest 
approximation ; the relative amounts of the various constituent.s 
vary I'normously in difleront oils, even those fi-oni wells in the 
same district showing veiy considerable dilleronces. 

The [iroportions of diflierent fractions obtained from the crude 
oil can be varkal and adjusted within limits to suit the demand of 
the market by the jirocess of “ cracking ” in which the oil is heated 
to break down the more complex hydrocarbons and increase the 
pcr<‘,cntago of lower and more volatile hydrocarbons contained in 
motor spirit, etc. fl’liis treatment is accompanied by hydrogenation, 
to prevent the formation of the unsaturated hydrocarbons which 
would cause the development of a strong unpleasant odour in the 
product. 
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The specific gravity of the crude petroleum varies widely ov 
to this indefinite composition. The following are the highest ; 
lowest figures recorded for the specific gravity of oils from sc 
of the principal districts, taken from a large range of doterminati 
by different observers :— 


Source. 

Lowest. 

HigliCBi. 

Borneo. 

0*924 

0*965 

Russia . 

0-873 

0*936 

Roumania . 

0*801 

0*926 

Galicia. 

0*798 

0*881 

Persia . 

0*777 

1*0 

W. Virginia. 

0*798 

0*825 

Pennsylvania . 

0*771 

0*828 


! Petrol, or Gasolene. 

The crude material for this is the “ tops ” of the prelimin 
refining of crude petroleum—^the portion coming off below l(i( 
' This is refined in the manner described more fully below (sec Wi 

' Spirit) and re-distilled by steam under atmospheric pressure 

remove any higher boiling fractions carried over in the ini 
; separation, which are passed over to the “ middles ” for product 

of white spirit. In distilleries which produce different grades 
) petroleum distillates, the petrol is refined in an entirely separ 

^ plant from the white spirit and heavier grades, as more string 

j precautions need to be taken to avoid fire and explosion risk ow 

I to its low flash point. Thus, whilst distillation under partial vacu 

' can be used for the heavier grades, this is not pcrinissibio for • 

i light fractions, and the stills are arranged at a distance from i 

f steam-raising plant, with a clear open space between them and 

I buildings to minimise fire risk. 

I ^ The refined volatile spirit produced in this section lias a w 

I distillation range. The exact range and the proportion of liigl 

I and lower fractions varies in different grades and qualities of 1 

j spirit produced by different makers. The purest aviation spi 

I required by the Air Board is specified ^ to distil 10 per cent, bcl 

74°, 65 per cent, below 100°, and must be completely distill 
below 150°. Ordinary commercial petrol. No. 1 grade, should clif- 
40 per cent, below 100° and all over at 185°. The cheaper No. 
grade only shows 20 per cent, below 100° and is not complete 

* All temperatxires, unless otherwise stated, are expressed on the Cen 
grade scale. 
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distilled \intil 200^^. The specific gravity ranges from 0-725 to 
0-745, varying according to the source of supply, as some petroleums 
show a higher specific gravity in proportion to the boiling point 
than others. 

The predominant use of petrol is as a motor spiiit, but it is also 
used to a certain extent as a solvent. It is not so good a solvent 
for most purposes as the equally volatile benzol obtained from 
coal tar, but it is useful for the x>^<^P^^i'^tion of certain types of 
enamels where rapid evaporation is desired and the pungent smell 
of benzol is objected to. It is also used to a certain extent as a 
solvent for rubber. 

By further distillation with elficicnt dephlegmators, petrol is still 
further refined into fractions with a very close boiling range of any 
desired volatility, which are used for numerous industrial purposes 
where a boiling point within a definite range and complete absence 
of high boiling residual is essential. The nomenclature of these 
refined volatile fractions is not very closely defined and confusion is 
caused by the use of the same name for different fractions and vice 
versa. The following may be regarded as an approximate classi¬ 
fication :— 

(>y'i)io(jeHe or Rhigolene, —This is the most volatile fraction 
obtainable, consisting mainly of tetranc or butane 
compiising all the distillate which boils hc‘low 0'^. It is 
used cfiiielly as an a.na‘sthetic and freezing agent. 

Peulana—xH a specially purified fraction consisting of almost 
pure normal and jso-j)entan(i with a boiling range 

betwe(m 20 ’ a<nd 4()‘’ and specific gravity 0-(>25. It is ])ro- 
parecl industrially on a lhnit(‘.d scale for s])ecial pui'posos. The 
standard Pentane Lamj) dc-signed by Harcourt for photometric 
work may be immtioncd a.s an exam])le. 

PetroUunn (consists maiivly of hexane 

heptane with a boiling point below and specific 

gravity below ()-()70. Jt is used as an aJicrriativc to ether as 
an analytical extracting agent for oils and fats and similar 
purposes. 

PelroleAim Spirit —the fraction coming over between GO"’ and 
100"' consisting of a mixture of about 75 per cent, paraffin hydro¬ 
carbons, chiefly hexane and heptane, the remainder being mainly 
olefines with a small and varying amount of aromatic hydro¬ 
carbons depending on the source from which it is obtained. 
The Bi)ccific gravity is about 0-700. It is liable to contain 
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impurities in the shape of traces of heavy hydrocarboni^ 
sulphur derivatives. The British Pharmacopana (1< 
petroleum spirit as a petroleum distillate boiling betweei 
and 60° with a specific gravity between 0*670 to 0*700. 
name petroleum spirit is, in fact, very loosely defined ai 
used by some authorities to denote a particular fraction, v 
others employ it as a generic term for any volatile pc^tru 
distillate, including both petrol and white spirit. 

Ligroin —^is an old and obsolescent name practically syn 
mous with petroleum spirit; it is generally used to imj 
distillate rather heavier than petroleum spirit, but is 
loosely defined.* 

Mineral Na'ptha —^is a rather heavier grade of petrol 
spirit approximating to paraffin. The mineral naphtha aul 
ised for use as a denaturant in the preparation of methyl 
spirit must have a specific gravity ranging between 0*800 
0-830. 


Benzoline —^is a name originally applied to any light petrol 
boiling between 65° and 150°. The use of this tcrm'^fi 
petroleum product is particularly confusing owing to 
similarity to benzol and it might well be regarded as obso 
Benzine —^is the name generally applied to a ro-distilled 
purified petroleum spirit, free from sulphur and other impuri 
which evaporates completely without leaving any ti:acc 
residual. It is used largely as an extraction and cloai 
agent in many industries, such as the degreasing of text 
dry cleaning of fabrics, the refining of glue and gelatine, 
purification of foodstuffs, the grinding to impalpable pov 
of materials acted upon by water, and similar pinposcH, 
such cases it is of importance that the solvent used should 
entirely without any action on the material treated and 
appear completely on evaporation, leaving the material perfcM 
dry without a trace of greasiness or odour. By careful fj 
tionation the distillers produce benzine to any specified boil 
range between 60° and 120° to suit the particular purpose 
which it is to be used. Thus in degreasing, a range bt^tw 
80° and 110° is required. The inclusion of fractions be! 
80° would entail excessive loss by evaporation and increa 
fire risk, whilst any residual boiling above 110° would 


* The author has tried without success to trace tho origin of tins nai 

wIcAVolfound appears in Vagner’s Jah. 
glTlamp^ ^ naention is made of its uso in a potrule 
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difficult to expel completely from the finished product by heating 
to temperatures below the boiling point of water. 

Benzine is used in the rubber industry as a thinner for 
sulphur chloride in the cold cure process, to replace carbon 
bistilphido. Bor this purpose purity is essential, particularly 
freedom from olefines, which react with the sulphur chloride to 
form a resinous mass which is highly objectionable in the 
rubber. The present writer would hazard the suggestion that 
the name benzine,’’ on account of its liability to confusion 
with benzene, might well bo abolished entirely and the name 
petroleum spirit possibly standardised for this purpose, qualified 
by a statement of the boiling range. Thus '' petroleum spirit 
80^^—110° ” would imply the particular grade described above, 
and so on. 


White Spirit. 

The first to recognise the possibilities of petroleum distillate 
as a solvent in the paint industry appears to have been Samuel 
Banner, who introduced it as Patent Turpentine in 1885.® For 
many years this was regarded as a cheap adulterant for turpentine 
and generally known as turpentine substitute.” As its use 
developed, however, and its technical possibilities and limitations 
became more fully investigated, it gradually attained recognition 
as a distinct solvent, and definite requirements as to its properties 
were established. As it attained a more and more definite place 
in industry the special name “ white spirit ” became gradually 
associated with the particular petroleum distillate which was found 
to answer the requirementH of the paint and varnish industries as 
a solvent and thinner, to distinguish it from the less closely defined 
terms '' ])etroleuin spirit,” “ benzine,” etc,, under which one finds 
it generally described in x>^ibllegations uj) to about twelve years ago, 
and during the past few years this name has come into general use. 
Although the name might c(pially wc^ll be applied to any colourless 
spirit and does not convey its petroleum origin, it has the advantage 
of being quite distinctive and not liable to cause confusion and may 
be accepted as the standard title for this particular solvent. The 
name does not appear to have obtained currency in the United 
States, where the term Mineral Thinners is generally used to include 
all the petroleum solvents. Thus the Bureau of Standards gives 
the title Volatile Mineral Spirits for Thinning Paints ” to its 
specification (see p. 30), which is practically identical with the 
B.E.S.A. specification for white spirit. The name ''white 
2 
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spiritoccurs occasionally in Gerixmn pnblicatiouH, hut h 
benzin” is more generally employed. The loamc*! white Hpii 
lias been adopted in France, but Eugdne Sativagt^ has rcHaait 
protested against its general adoption on the grounds that it in 
sufficiently distinctive, and j)ropoHcd that it sliould Ixs rephuaxl 
'‘essence vernis’* (varnish spirit), (pialifaxi by tlu* <lt^H<»ription lij 
middle and heavy, according to tiie Hp(HdrKt gravity and boi 
range. To the present writer this apptxirH to be rather a ndrogi 
step as not only equally lacking in precision but actually luisUxid 
It implies that this solvent iirids its chic*f use in tla^ pn*paratioi 
varnishes, whereas it is of value for a larger variety oilier purpo 
and it is perhaiis as a thinzuu' for higla^r-gradc^ varniHlH\s that 
inferiority to other solvents is most inarktai. 

Manufacture .—The raw material for white spirit is ilie mu 
portion obtained in the preliiuiuary retin<mu‘nt of pedrohnim, in 
mediate between the light motor spirits a ml tla^ burning . 
lubricating oils. This semi-ndimal oil is prodmaal at tlu‘ w<*lls , 
exported to the disiillerk^s, v/hvru it is stonnl in tanks nsady 
treatment. In common with all p(d.nd<Mnu produets, white s| 
is of extremely complex composition, \vhi<‘h vari<*s \vi<lely at*eort 
to the source of the crude oil and tlu^ nud.ho<l <if ndining. T 
American petroleum consists, as has bcaui shown, almost^ entii 
of hydrocarbons of the ])ai'affin Heri(‘s, whilst, otlier pi'trolei 
contain a varying proportion of th<^ a.romu4i<» hydrofarlxais. 

As the white spirit manufacturer is eon<’(*rned ehieii\ to prod 
a satisfactory article for use as a. solvamt, a. grt^at- <ieal <!(*pendf 
the first instance on the (dH)i<H’! of his raw ma.t<a*ial, the ehief p( 
to consider being to obtain an oil (JontaJning the high«‘.st. poss 
content of the aromatic H<a'i(ss, whieh hav<' a gnuiter solv<'nt po 
than the paraffin series. Anothcu' fioint to <‘onsid(u* in s(*lec‘t 
the semi-crude oil for the production of whit<' spirit, is the* etmi 
of sulphur compounds and unsaturatcal hydnx’arbons of the oh* 
series which give an objectionable smell to t.Iu* pnalmd.. At 
time largo quantities of high-gra(U^. white spirit wuru pnaim^al fi 
Borneo petroleum. This formed a very Ha.tisfa(‘tory spirit., valiu 
to the paint industry bocatisc of the abnormally higli proporti<a 
aromatic compounds and coziseziucmt high solvamt pow(*r. ' 
fortunately, this source of supply is no longta* availabkt and Bor 
spirit has not been on the market in this country for some 
the output from Borneo at the present time being entiindy absor 
on the Continent. The best white spirit now availabhis is m 
from the Roumanian oil, which contains approximately 30 to 30 
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cent, of aromatic hydrocarbons and is remarkably free from olefines 
and sulphur compounds. American oil is distinctly inferior to this 
both in solvent power and odour. Other Eastern oils such as 
Persian are also tisod for the manufacture of white spirit, but the 
Sotithern Kussian oil from Baku is useless for the purpose, particu¬ 
larly on account of its odour. 

Starting with the semi-refined oil delivered from the wells, this 
is first treated to remove impurities. The chief of these are thio- 
j)hencs and other sulphur compounds, which are very objectionable 
ill the finished product, and unsaturated hydrocarbons of the olefine 
series* The complete removal of both these classcB of impurities 
is essential to a first-class, sweet-smelling product. 

Various processes of purification have been used at different 
times, such as treatment with fuller’s earth. This method, in 
common with many others, is now obsolete, the general practice 
being to scrub alternately with sulphuric acid, soda and water. 
The 8ulx>huxio acid combines with the various impurities, forming 
sulphonic compounds, which separate out as a heavy, viscous 
mass. This operation is carried out in lead-lined tanks fitted with 
agitating gear and baffie-plates so designed as to ensure thorough 
mixing of the acid and spirit with a minimum of power. When the 
action is com])l(^tod the tank is left to stand for the foots and water 
to settle out. This is tlun drawn off fro!ii a cock at the base of 
tlui tank and a solution of soda run into the tank to ncnitraliso any 
residual aedd. A final wa.shing is given with plain water and the 
f)urilied spirit is tlion discdiarged into stills fitted with steam coils. 
Ihu’e it is lieatcul by steam at a pressure of about 110 lb., suj)crheated 
to about 5*10' ’ K. a.n(l distilled off under reduced pressure. 

i^y careful reguhition of the temperature of the steam and tlie 
vacuum the distillate', is se^parated into fractions of different boiling 
range. In orde'r to rcndc'r this separation more complete the vapour 
coming from the still ])a.sses first through a fractionating column, 
consisting of a (uist-iron cylinder fitted with loose baille-x)lates, 
which act in a similar manner to the bulbs of a Glinsky fractionating 
column, putting on a slight back pressure. From the fractionating 
column the va.pour next passes through a dcphlcgmator, the design 
of which varies in difl'cu’cnt works, but generally consists of a vertical 
steel cylinder in which ai*o fitted a number of copper tubes through 
which a flow of water is maintained. The vapour from the frac¬ 
tionating column passes round these tubes and any portion of the 
distillate boiling above the required limit is condensed and returned 
to the fractionating column by means of a return pipe in the bottom 
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of tlio dophlogmator, Thia pipe m fitted with a ^ 

whicli acts as a seal to prevetit the vapour passing in the x'cv 
dirc^etiorn 

From the dephlegmator the vapour pasHC^H into ctondenHcn 
thc^ usual typo couHinting of coils hnmerHed in a tank througli wl 
a HtiNuly Htrc^im of cold water in circulated* The condenHCcl Ii< 
coming from tli<^ coiukmBcrH is dincliarged into a retHuve^r* T1 
fractionH ar<^ re-dintilh^d to produce a Henries of final products ha^ 
a boiling point ov(»r a chdinitc^ range, from wdnch a spirit can 
pro<luccd to mecT any required spi^cifictation. 

The preliminary st^paration of the cxnule oil into th<^ tl 
prineipid gra<h\H refernnl to above is inevitably impc*rf<H‘t, a (t<u^ 
axxiouiit of low flash spirit hc‘ing l(dt in tlu^ HenU"Crud<^ XLse<l by 
whitt^ spirit luakers. I'his conu^s off at thc! comnumcement of 
distillation and is separated and pasH<Ml ov<n'' to t.he* motor sj 
r<^fiiu‘rs. Himilarly at t lu^ rtui (d th<^ distillation a snmll tailinj 
higlnboiliiig spirit is l<‘ft in th(‘ stills which is ns(^l(ssH us whib^ h| 
ami is tnnaul ovt*r to llu^ maktu’s of Inirning and Inhiucating oil 

/Vo/a 7 ‘/b>\ d'he csseiitial nupunmumt for white" spirit, is tha 
muKt h(" eianpliUxdy voliitiI<% but on th<". otlu^r luuul must 
evapt»ra.te with i^xtnnnc rapi<lity* It must thendon^ h<^ fixus fi 
tiu" luglily volatik* spirits priwdously' d("H<Tibed and also from 
non* volat ile paraflins use<l as burning oils. As tlu^ volatility is 
all practical purpos<*s proportional to th(" boiling point this nHpi 
numt is usually met by (k^fnung it as a. pcdroknim <listilhite boil 
b<Twc<m ITS)' and 210’. 


'riio following is an (>x:inij) 
good cjnnlity : 

li* of thc ritngi' giv(Mi by a Hamj)l« 

rji<l<T ir»«>' . 

noiK' 

IfiO - 1(50 ' 

IS per c<‘nt. 

1(50 ITO" 

. .'5.7 

170 IKO' 

. 21-(5 ,, 

IKO- lilO' 

. 12 

IIK) 200" 

7-7 .. 

200 210" 

r>-7 

()V(T 210" 

noiH' 

'rhcHu figurcH t:an only bo 

tak(‘U art n.n individual exampb'. 

actual figures varying witli utmost evtTy sample. 

It has already been madc^ 

<t("ar that pc^trokaim is a materia 

complex and variable composition : white spirit, iwtni that nuuU^ fi 
oil from the satne source, will vary ae<a)rdingly from time to tiin< 
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its proportion of different hydrocarbons, and therefore in the relative 
proportion of the fractions distilling at different points. Taking 
into consideration the variations in the oil used by different 
makers and the varying efficiency of different distillation plants, 
it is obvious that absolute uniformity of distillation range cannot 
be expected. 

The detailed distillation range of any sample is only of importance 
to the user as indicating its value for a particular purpose, but the 
limits to which all white spixits should conform are ;— 

The initial boiling point should not bo below 140'^. 

The end point should not be above 230*^. 

The fLaah point is closely proportional to the boiling range and 
ranges from 75® to 100° T. The essential point is that it must be 
above 73° F. (23° C.) in order to comply with the regulations as 
regards inflammability for transport and shipping. 

Within those limits the requirements of consumers as regards 
the volatility and flash point will vary somewhat in different indus¬ 
tries and at different times. For example, a preparation made 
with white sphit intended for export to a hot climate such as India 
will stand a less volatile spirit with advantage than a preparation 
intended for consumption in this country. A s])irit which gives 
the required rate of cvaj)oration in this country will volatilise too 
quickly in a hot climate, and adjusting the preparation to the require- 
nionts of the market by using a higher boiling spirit has the added 
advantage that the flash point is raised automatically and the risk 
of danger iri transport lessened. On this account it is xisual for 
producers of white spirit to collect their distillate in fractions in 
separate tanks which can then bo blended to ]n*oducc a sjhrit to 
any detaiUvl speciheation required. Most distilleries offer three or 
four standard grades of white spirit, to suit the requirements of 
different consumers. The following are tlic standard grades of one 
of the leading producers ;— 


(;}raclo. 

Specif i(‘. 
gravity. 

Boiling 

ranges. 

Flawh 

point. 

S]>ociul (oxtra light) . 

0*784 

143—180° C. 

75° F. 

No. 1 (light) .. 

0*787 

145—200 

! 80 

No. 2 (rnodium) . 

0*790 

158—200 

90 

No. 3 (heavy) . 

0*794 

H50—210 

100—105 

No. 4 (extra heavy). 

0*807 1 

180—220 

125 
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The throo standard grades suggested by Ranvage'• art' - 

[ Light.. I Mi<i(ilt>. [ K«iavy. 

SfXH'ifn* gravity 
Fianh point ...... 

’Dintillation rangt^ 


xmo m a paint atul varuinli thinner, a xnediiiin grade in reqtui 
The initial bailing point nhonld not b(!^ below 11)0*' : a lower boil 
point indic^aten the prenenee of hydrocarbonn whieh eva.porate 
rapidly an<l eaoHo the paint to hav(^ a tcnxdeiu^y to connnenee mdtt 
Ixdore it in properly brunhed out. On the other hand, the < 
point muHt not be above 210'\ m a higher limit implien a tail ’ 
non-volatil<>> liydroctarhonn which retard the drying and tend 
cauHO a w<m.k fihn. Tlu^ hnlk, a.t h^nst (H) p<'r (Kuii-., nhould di 
hetw(Hm the limitn 160'^ and 200'\ and it i.s of advaiit; 

if the fractions (‘onu^ ovta- eveudy h(dAV<'en th(‘S(^ two limits. I 
such purpos<»H as nud.al polislu^s a- lighter grade is desirablcN as ra 
evaporation is recjuired, whilst the heavita* gra.d(\s ar<^ prcdca^abU*? 
wax polishers- The slower evaporatioti reducers thcs tcauhatey 
hardcai in the packages on kc^eping and a slight residue on evaporat 
is ati advantage ratlu^r than otluanvise a.s it inenam's tlu^ (dastic 
of th<^ film of wax. This is only an advajitagi^ within limits, howcv 
an exiuwivc'! eontcait should be a-voidcal as (avusing th(^ polish to 
ovca'-elastic and have* a Uuidimcy to snH‘a,r. 

Tin’s s}icci/ic grivvitij of whih’s spirit a|)[)roxima-t(‘s tio 0-8, 1 
difTertait sainfilcbs va.ry witliin tlu^ limits 0-700 to 0*810. In samj 
derivcnl from oil from the sa<nie sound’s tlio specilic; gra,vity 
a,pproximai(dy j>roportional to the boiling rang(% rising with 1 
iiKU’easing (Uimph^xity of mok^culo of th(^ liydrocarhons eonta-io' 
Thus No. 1 si>irit has a lowcu' specutic^ gravity than No. 2, a.nd so < 
As, howevea*, tin's crude oil from cliiTenmt oibfitdds va.ri(\s considia’a.) 
in gravity, we find that* ichmtieal fra.(;iions of sf)irit distilUal fn 
oil of different origin will vary in sfiocifie gravity. This variatdoi 
duo mainly to the relative proportions of tln^ diOVrtait- scries 
hydrocarhoiiH present, as the unsaturatial hydro(‘arhons of t 
okdine series, for (example, contain a low(a' proportion of hydrofi 
to ca-rhon than the paraflin series and thcu'cfon^ a lowta* spiati 
gravity for the samc^ com]>lexity of moh^cule. Ah tin* dc^grecs 
unsaturation is most marked with the a^romatic sin'ics ono fiiuls 
general that a iiigh content of aromatic hydrocarbons is acco 


0-700 
Htr^ h\ 
00 02 
at ISO' 


0-777 
05^‘ h\ 
00 02 '»;, 
at 20t)*' 


0-7S5 
10 -P‘ h\ 
00 02 <\; 
at 22IS" 
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panied by a relatively high specific gravity for the same distillation 
range. Broadly speaking, therefore, the higher the specific gravity 
is in comparison to the boiling point the greater the value of the 
spirit as a solvent. 

The following determinations of specific gravities of white spirit 
from different sources having exactly the same boiling range is duo 
to Eugdno Sauvage ^ 


American 

. 0-7G5 

Persian , . , , 

. 0-772 

Roumanian 

. 0-770 

Bussian .... 

. 0-782 

Borneo .... 

. 0-795 

The evaporation rate of white spirit 

is of considerable practical 

importance. The evaporation of any volatile solvent is a function 


of the pressure exerted by the vapour coming off from it at ordinary 
atmospheric temperature. This is by no means directly propor¬ 
tional to the boiling point and varies greatly with different substances 
of the same boiling point. 

In a substance like white si)irit, which values in boiling point 
owing to the varying prox^ortions of the constituents of a mixture 
of substances of closcdy similar composition, the distillation range 
is an approximate guide to its evax^oration rate. In such a mixture 
of hydroca,rbons the lower boiling and more volatile hydrocarbons 
exert a higher va,x)our x>r(\ssurc than the heavier members, and when 
thc5 liquid is exposed to the air in a thin film the vapour coming off 
contains a mixture in which the former predominates, leaving 
behind tlie higher boiling constituents which exert a lower vaxwur 
X)ressure and therefore evaporate more slowly. For most j)urx)OBes 
it is of importance, not only that the sx)irit shall evaporate entirely 
in a reasonable time fit ordimiry teinx>eraturcs, but tJiat it shall 
cvaxioratc at fin even mtc. 

Illingworth hfis x^oblishcd ^ the residls of careful experiments 
on the cvaporfition of white spiiit in relation to its boiling range, 
from which it is abundantly clcfir that for paint manufacture 
90 x^or cent, should distil below 200*'' and all at 218'b Ilis 
contains an instructive series of grax)hs showing the volatility and 
vax:>our x>ressures of sx)irits (^f different boiling range, from which it 
is clear that in a sj)irit showing any content boiling above 200^ the 
evaporation is uniform up to this point and then exhibits a marked 
drop or '' tail.” By isolating this tail fraction he showed that by 
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itself it would not evaporate in three weeks, whereas the remain 
portion evaporated comi)lotoly within sixteen hoiirs. 

The effect of such a “ tail ” is not only to retard tins drying of 
paint, but to produce a soft, tacky film; for it must bo remembt' 
that the position is complieaksd in practice by the fact, that,, inKt< 
of the evaporation of the spirit alone xised iii th('H<‘ experiments, 
have it evaporating from a solution in oil, which oil is oxidising t 
increasing in viscosity nt the same time. Unth'r sutdi condition! 
is well established that oven in tlu*, case of a highly volatile hoIv( 
the last traces become enmeshed in the <lrying film and t)nly esei 
very slowly. The tendency of tins “ tail ” is thendort' to r<>m. 
permanently in the film. This effect is found to a still grea 
extent in varnishes, and it is in this rosjK'.ct tluii tlu' inferiority 
white spirit to turpentine as a varnish thinner bt'cemes appare 
Although turpentine exhibits a similar “ tail ” on evaj)oration, t 
is duo to the fact that it partially polyimu-ises and oxidises duri 
evaporation and the residue left in the film continues this aeti 
and ultimately hardens in conformity with the oil itsc'lf, Ix'comi 
part of the film, whereas any residxie from white spirit remain^ 
more or less permanent soxirco of weakn<'ss. 

The absence of such a non-volatile residual is generally d<d 
mined by the “ spot test,” which is carried out by phuung five dre 
on a dry filter-paper and allowing it to stand for half an hour 
ordinary atmospheric temperature, when the spirit should co: 
plctcly evaporate, heaving no trace of greasy mark on the liaii 
A more reliable method is to place one drop of the sample uiu 
examination jmkI one droji of a stamhinl sam])Ie side by side on 
clean sheet of plate glass, and note the n-hitive tinx^ of twaporati 
to dryness and the ahsimce of atiy greasy rc'sidue. If. A. dardnc' 
has drawn attention to tlu^ fact that some grades of whiti* s[)i 
leave on cvaiioration a certain Jtmount of dfirk-ooloun'd, resino 
residue which are objectionable, j)artic;ularly if t.Ix* spirit is to 
used as the thinner for white paints. To chdiu-mine the. presc-n 
and amount of such residue he evaporates 100 c.e. of llx^ spii 
over the water-bath in a weiglu^d copper dish, from si.x ♦,(» thir 
hours being taken for comjile^tc! evaporation. 

As it consists essentially of f\dly saturated and cyclic hydi 
carbons, white Sf)irit is chcMiiicxilly very stable and does not lud, 
an oxygen carrier in the manner eharacteri.stie. of turpentiix*. 1’: 
drying of paints and other preparati<jnH made with it is pnrt'Iy 
matter of evaporation as far as the thinner is concerned and 
does not affect the drying of the oil in any way. 
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The solvent power of white spirit may be described as moderate. 
It mixes freely with all mineral and vegetable oils and is therefore 
quite satisfactory as a paint thinner, but is an indifferent solvent 
for oxidised oils sxioh as blown oils, stand oils and thickened tung 
oil. The sohibility of those thickened oils depends on the extent to 
which they have been polymerised and the quality of the white 
spirit. Cases frequently occur, particularly with gold size made 
from wood oil and rosin, where the addition of white spirit will cause 
prcciintation of the resin and polymerised oil on standing for some 
time. Similarly, a blown oil will often dissolve in white spirit, but 
separate out again on keeping for some days. The same thing 
happens oharactcx'istically with the metallic salts of fatty acids such 
as lead linoloato and cobalt linoleatc. Liquid driers prepared by 
dissolving such motallo-organic compounds in white spirit are very 
liable to separate out on keeping, particularly if chilled, unless very 
carefully prepared. Linoxyn is practically insoluble in white spirit 
and a thoroughly hardened paint film is not affected by it. 

Treshly prepared rosin is freely soluble in white spirit, but rosin 
which has matured for some time and suffered the chemical changes 
which take place on storage is only partially soluble, leaving a con¬ 
siderable amount of insoluble residue.'^ The soft resins such as 
Damar and Manilla are moderately soluble, but generally form 
cloudy solutions and have a tendency to partially drop out of 
solution on storage. Hard rosins arc practically insoluble, excoj)t 
after xnedting and combining with oil. Oil varnishes made in this 
way can bo thinned with white sjurit, but the solution formed is 
not so stable as that xxiado with such solvents as turpentine. 

ParafTin wax and also vegetable and animal waxes dissolve 
fairly well in white spirit, but its solvent power for rubber is very 
indiflei'cnt. 

Mention has already been made of the fact that the solvent 
power of white sjhrit is a variable (|uantity and its efficiency in this 
respect depends to a largo extent on the oil from which it is prepared 
and especially the propoidion of aromatic hydrocarbons it contains. 
Amei'iean petroleum is particularly unsuitable for its production 
on this account and the pexiod just succeeding the war, when the 
Eastern oil-lields were not available and white spirit j)repared from 
Pennsylvanian oil was largely used, will long be I’cmcmbcred. This 
coincided with a period when the S(*.arcity of turpentine caused the 
price to rise to an unx^rccodented level, and paint and varnish- 
makers were tomi)ted to use white spirit to a greater extent than 
over. The effect of substituting turpentine by this unsuitable 
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spirit, in Yarnishrinaking particularly, caunetl endless trouble f 
difficulty. Those troubles largely disappeared witli tin*. r<H>pen 
of tho Itoumanian wells, which had been completely cU^stne 
during tho war to prevent them from falling into tlu^. hands of 
enemy when Koumania was invaded. 

In view of this liability to variation, and thc^^ pnudical importa 
of solvent x>ower in the use of volatile spirit, it is somewhat reina 
able that definite requirements on this point arc rarely laid <lo 
in specificationB. A Btandar<l test for the comparison of wl 
spirits in thiB respect is highly desirable, bnt a satisfaetcuy met! 
is difficult to dcviH(^. Many metliods have been suggested, but tl 
arc mostly empirical and open to considerable criticism. 

Probaiily tho most usc^ful indication is given by determin 
tho content of aromatics, according to the method standardised 
tho .Institution of Pi^troleum Technologists.^ Holk\y suggests 
following mc^thod 

Prepare a short oil varnisl! by running 100 Ib. of Ka.i 
with 7 gallons of linscaal oil and thinning with 25 to 50 gall 
of a starulard whi(.(^ spirit. Platte 2 ov.. of this varnish ii 
(5 oz. graduated nuai-sure and add carefully 2 az, of the sp 
to be tested, pouring it slowly down the side of th(^ vessel 
as not to miK with the varnish. Tho two layers art^ now mi: 
by vigorous stirring. If the varnish is thinntal ctonqdtd 
without any s(*para.tion further additions of the sample 
ma.de in Uut same rnanuc'-r in qimuiitkts of luilf an ounee^ a. 
time until a permantait separation is obiaantal. 

It is claimed that if properly conductcal this tc‘st will givt' a.ecur 
itiformaiion as to the solvent power of the sample examincal, ] 
vided precautions arc talum to maintain a consta,nt temjKTat 
and a uniform procedure in adding the thinner. It is, h<)W<^v(U’, 
difficulty of regulating these points, which are la.rg(dy cU'pcauUmt 
])crsonal fa<‘.tors, and particularly the difrunilty of pr('jairiu|j 
standard varnish, which makes this tc^st unn^liabk^ as a, basis 
comparison bed.ween difTcreut observers, a.lthough it may b(^, 
considerable usc’; fer comparisons of difTcrent samples by the sa 
observer over a limited period of time. 

H. A. (jlardnc''.r uses a somewhat similar test, in whicdi 
employs a solid varnish ])repared by incorporating oil with fu 
rosin without the addition of any tliinner. A weighcnl (pia-utity 
this is melted and thinned with an equal weight of thiiuuu'. Hp< 
mens prepared in this way from dilleront Bamples of white sp 


Petroleum Hydrocarbons 27 

are placed in cylinders and examined after standing for one month. 
Gardner also suggests the nsc of blown oil as a test for solvent 
power. His procedure is to jdacc a weighed quantity —S to 10 gr.— 
in a tall, narrow beaker and add an equal weight of the spirit. The 
two arc then mixed with a glass rod and tlie readiness with which 
the mixtures takes place is noted. Successive portions of spirit are 
then added in the same manner, noting carefully the appearance 
and readiness of mixing, until a permanent milkiness occurs on 
mixing. The quantity added before this effect occtirs is a measure 
of tlic solvent powcT of the spirit. The addition of further spirit 
beyond this stage results in part or all of the oil separating out on 
standing a short time. 

White spirit is insoluble in water, but mixes in all proportions 
with most other organic solvents. Methyl and ethyl alcohols are 
cxcej)tions, but the addition of a higher alcohol—butyl or amyl— 
causes a mixture of white spirit and alcohol to become mutually 
soluble. 

White spirit made from a suitable oil which has been efficiently 
refined prior to distillation should be practically free from sulphur 
compounds. An inferior or improperly refined product is, however, 
liable to contain small percentages of various organic sulphur com¬ 
pounds. The presence of these is extremely objectionable in white 
spirit, as they react with metallic cc)mj)ouncls such as lead, cobalt 
or ma.nga.uesc salts used as driers in paints and varnishes, causing 
discoloration. 8ucli discoloration is noticed, for instance, when a 
varnish is iliinncd with a wliitc spirit containing sulphur. 

T'hc original standard test for sulphur in white spirit was as 
follows :— 

Place 25 gr. of dry white lead in a small ])orcelain disli and 
mix thoroughly with 50 c.c. of white spirit. Cover with a 
watch gla.ss, on a steam bath for 2 hours, remove and 

observe', the colour after 18 liours. Tiierc should be no appre¬ 
ciable da.rkoning of the white lead. This test must be performed 
in an atmosphere free from hydrogen sulphide. 

H. A. Ga.rdnor has suggested the following test as an improvo- 
morit on the above :— 

Copper Strip Tefit. —Place a clean strip of mechanically 
polished pure shoot co 2 )])er, about i inch wide and 3 inches long 
(1*3 X 7*5 cm.) in a glass test-tube about 2 iuch wide and 
18 inches long (1-9 cm. x 46 cm.). Add sufficient of the 
sample to be tested to completely cover the strip and heat 
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rapidly to its boiling point for 30 minutes, and then exam 
the copper strip for blackening. A slight tarniBli shall 
disregarded, bnt any marked blackening shall bo catisc 
rejection. 

Gardner states that this tost will detect acjtivc snlplinr in wh 
spirit when present to the extent of only 0-04 per cent.^^ Ho c< 
aiders that the darkening of varnishes made with white spirit 
not invariably due to sulphur, but may in some cases bo caused 
decomposition of some of the hydrocarbons in the spirit with i 
formation of colloidal carbon. 

These are only empirical tests suitable for the rapid judging 
the quality of a consignment of white spirit; for accurate estimate 
the more elaborate procedure has been devised of burning a weigl 
quantity of spirit, absorbing the products of combustion 1 ) 3 ^ asj 
ation through sodium carbonate, oxidising ifho sulphur compoui 
to sulphates and estimating gravimctrically by precipitation 
barium sxilphato.^^ 

The odour of white spirit is one of its most useful properti<‘H. 
not proj)erly prepared it may retain trac^-es of ol(4inc‘s and sulpl 
compounds and is tlicn liable to have a persistent and unphAaH? 
smell, but if properly i>rci)ared it lias a (‘Ixaractcnastic smell, 1 
pungent and less unpleasant to work with for proloiiged periods tli 
that of almost any othc'C organic solvcixt. Its toxic clh^ct is v< 
slight, and although it has bc(ui claimed iluit ctasc‘s have occuri 
of sickness amongst paintcu's using paints thiniu^d with white sp 
in confined spaces, the wrii/<‘r in the course of many 3 ^(nn*H I 
never come across a case of even t(nn})or<iry ill-lu^alt^h a.mon 
workers conHta.utly using white. sf)irit. The g(uieral exp(u'i(‘nce 
that worluTO constantly cxposcHl to the fumes oxpcricuu;e a lu^a.(la( 
for the first f(^w weeks, l)ut sc'cm to acquire immunity t 

and do not suffer any permanent ill cffecjis. 

In the early days of its emx)Ioymcnt a,s a paint~thinn(u% tiu* gn 
diffcx'onco of the odour of white, spirit from that of turpent iiu's cava-i 
considorablo pr(^jii(li(^e against its use, hut ease's an', not unkno 
in recent years of householders having rejc'c.tcal paint nuid(^ w 
American turpentine in favour oi that nifulc with whiter spirit 
account of the comi')araiivcIy j)e.netrating smell of ihc' form 
The smell of an imj)erfoctly rc'iincd white sjnrit can be impro\ 
considerably by shaking it for some tiinci with a smail quantity 
bleaching powder. 

White spirit should bo perfectly colouricsa and should cas 
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pass the teat for water white (see p. 141). It should also be per¬ 
fectly clear and free from any trace of suspended matter. At one 
time methods of refining were adopted by some distilleries which 
resulted in the spirit containing solid matter in colloidal suspension. 
kSucIi brands appeared perfectly clear, but deposited a fine sludge on 
standing for a conBidorable time. The writer has come across 
samploB during tlio past three or four years wliich formed sxich a 
deposit on standing in glass bottles for some months, but such 
products arc now rarely met with and white spirit xisually retains 
its crystal clearncBS and gives no deposit on standing indefinitely. 

It is anhydrous, and is only capable of dissolving the slightest 
trace of water, and perfectly neutral in reaction. Any alkaline or 
acid reaction indicates a product of very inferior quality. 

The princix^al use of white spirit is as a volatile solvent or thinner 
in paints, boot polishes, metal j^olishes, and floor and furniture 
polishes. For this purpose it has taken a recognised place and is 
used extensively and in largo quantities. For the purpose of a 
thinner, where uniform and complete evaporation on exposure to 
the air is the essential requirement, it is perfectly satisfactory and 
has the advantage over such solvents as turpentine of low cost and 
tlic comparatively mild odour already referred to. Whei*e other 
considerations have to be taken into account, however, the case is 
dilTcrcmt. The relative value of white spirit as compared with 
turpentine as a thinner for high-class varnishes and enamels is a 
sxihjoct of fre<pi(nil controversy, but in tlio jucsent writer's opinion 
white H[)irit is esseniiaJly a thinner for paints rather than varnishes. 
Its solvcnit powcu* for oils is practically equivalent to that of turpen¬ 
tine, but its solvent ])ower for resins is distinctly inferior. In 
varnishes also its clunnical inertness is a disadvantage. It lacks 
the oxygen-c^aj-rying properties of unsatuiuted hydrocarbons such 
as turpemtino and tc^tralin, whicli facilitate the hardening of the 
film and exerciser a. cjcriain bleaching efTeot on the oil. 

Anotlu'.r purpose for which white spirit is extensively used is as 
cleaning a.gxnit in J)aiut, printing ink and similar factories and for 
cleaning oO* oil from machinery, etc. It is preferable to cither petrol 
or paraffin for sueh purpexses, because jxetrol ovaj)orates too rapidly 
and gives off a dangerously inflammable vapour, whilst paraffin 
does not dry off comxffctcly and leaves an objectionable I'esidual 
odour. Tt is also preferable to turpentine for washing out painters’ 
brashes, etc., as it evaporates without the oxidation and con¬ 
sequent rcsinification characteristic of turpentine, which tends to 
leave the brash slightly sticky and promotes the condition known 
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to the painter as '' lousy.’^ For such cleaning purposes, it is wag 
to use a paint-maker’s grade of white spirit. The heavier grad 
with an end point up to 230°, which are cheaper to produce, a 
actually more efficient for the purpose, as the less volatile constituer 
remain on the article cleaned for some time after evaporation of t 
hulk as an extremely slight film sufficient to retard the rusting 
metal containers, etc., and to keep the hairs of brushes in a flexil 
condition. 

Specifications for White Spirit. —The specifications for Airon 
Material issued by the British Engineering Standards Assexhatt 
include one for white spirit intended for use as a paint thinne 
This has been widely used as the basis of contracts up to the prose 
time. It contains the following technical provisions, together wi 
sampling and inspection clauses :— 

Reference. — X. 20, dated »TaIy 1921 (sec (Jhapttu* IX). 

Description. —Wholly a pctroleuni producit, waUu’-wlnt 
clear, free from water, visible impurities and objecsiional 
odour. 

Specific Gravity. —^Not exceeding 0-800 at 15-5^ (1 

Flash Point. —^Not less than 75° F. 

Distillation Range. —Not loss than 80 per cent, below 190° 
Not less than 90 ,, ,, ,, 200° 

Freedom from Grease. —})etenninod by spot tost. 

Residue on Evaporation. — Not to ox(‘.ecd 0-2 per (icnt. 

Rea ction. —^N o u tr al. 

Freedom from S/f.^. —Determined by shakitig 50 c.c. in a do 
stoppered vessel with a small quantity of lead acetate soluii( 
The lead acetate solution must not become coloured. 

Similar specifications have boon framed by the War ()ni( 
Admiralty and other large consumers, to cover their requiremen 

The recently formed Paint and Varnish Committee of tl 
B.E.S.A. has been engaged in revising and consolidating the 
specifications with a view to establishing one standard specificati^ 
to cover the requirements of all consumers of white spirit for n 
in paint and varnish manufacture. This new spccific;ation w 
probably be issued shortly and will supersede the above. 

The specification generally adopted in the United States, tli 
of the Bureau of Standards (see p. 140), contains the folio wi 
requirements :— 
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1. Shall bo clear and free from stiepcnded 
matter and water. 

2. rWo^/r.—Shall bo '' water-white.’’ 

3. Bpot 7 Shall evaporate completely from filter-paper. 

4. Flmh Shall be not lower than 30® C. (80® F.) when 

tested in a cloHcd cup-testor. 

5. Bnlphur.—BliBXi bo absent, as determined by the white- 
lead test. 

0. Dwlillalion Distillate below 130*’ C. (200® I?.) shall 

not exceed 5 ]>er cent. Distillate below 230® O. (440® F.) shall 
bo not less than 97 per cent. 

7, Reaction ,—-Shall bo neutral. 

The original sx>ecification contains detailed instructions for the 
laboratory examination for determination of these constants 
together with instructions for sampling and calculation of quantities. 

Turpentine Substitutes, 

White spirit was originally introduced as a cheap substitute for 
turpentine. It is still often referred to by this name and many 
linns offer turpentine substitute, generally under proprietary names 
suggestive of tui’pentine, which are nothing more than white spirit. 
In the present writcu*'s opinion, this is a mistaken policy. An 
attempt luis b(‘C‘ii made in the proceeding pages to establish the fact 
that whii(e Hj)irit has a decided place of its own as a solvent and it 
should bo supplic^d frankly on its merits. The word substitute in 
genceral iin[)li(‘s inferiority. For some purposes white spirit is 
decidedly inhu'ior to turjientine, for other })ur[)oses they are prac¬ 
tically ce<(uivaJcuit, whilst IIku’c are purposes for which it is actually 
superior to turpentine, and it would be slieer waste of money not 
to use it in prid’cuenco. White s])iiit should not tlKucfore be regarded 
as a substitute foi' turjxuitiue, but as an entirely <listinct solvent. 

.By blending two oi* more solvents oru^ can, however, produce a 
close apx)i*<)ximation to tur[)entino in its jiriiicipal xihysical prox)crtics 
and sucii a combination can profierly bo called a turxxuitino sub¬ 
stitute. Kovcu:ai preparations of this kind arc olTcj’cd under various 
proprietary names. 

An olTectivc tur])entiue substitute can bo prepared, for example, 
by mixing a jiowcrful solvent such as tetralin wiiJi white spirit and 
adding a small |)roportion of jihio-necdlc oil to similatc the odour of 
turpentine. The function of the tetralin in such a mixture is to 
increase the solvent power of the white spirit to that of turpentine 
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:i2 

mil! to iiit|»iirt layi^rsonirryiiig pow^^r. Ah ihi*! gravity^ lioi 
jioiiit and ItaHli |nnnt an* cmiiHidarably luglu^r tlyiutlHiHO cjf iurpoii 
It rnthia' light fnttdiun \%hita Hjiirit in uHtnl for ilu" nuxtiire an< 
iti|ju“4iog tho projMtriioii hotwoen tho twti a niixtarti <‘an Ih^ obia 
uhit*li hio4 thf* aaitM’ tlanh pointy i*vaporation rata and lioilnig p 
an turpontinr autl in rcjiiivailant to it in nolvant power* A h< 
tiliratly prepami htibHtitnto of tIuH kiiai Ih cfuite. aaiinfact 
I bifurtniinlety, it great many Ho-i^alltnl HubHtiiuti\H have lanm olT 
t^hirh are merely eheap iinitationH of tlie gennino artiele, <j 
dilTrnmi from H in propiaiii*H. 

Sfmli* Xtiphtfm, 

The eittriietion of <»il from bituiuinouH nhale han beam pract 
for a roiradt-rabli* tine*. 'Fhe mont. i\KienHivt^ly worke<l (leponit^ 
!h«» r *if the South <»f Srt>lhuHl. whtu'e tlu^ produtdion of nhale < 
an e tabii bed iialu trs . but niiuilar deposits an^ fomul in n 
pait . i4 till* wt^rld, ls\ti na\r ansis (»f t>ii bcn'uing shale an* f< 
Hi M.lmua, n«»ith ‘*f f(»r example. 'The wiakiug (»f t 

litr oil a i r4aif*d dmim': the uar and lie* prudueiion has devt‘t 
fo «n »ti idej able dinieii 4on i during th<‘ past live yenrsd^^ 

h* H ' ueh bituminou,^ nlmles an* Hidjj<s*ti‘tl to di*Htrn(dav<' 
f dial I* ai a lOeeiti ih brow n, \ i an ais ami evil smelling Uquicl is obtai 
niimlai to I I ude petroleum, nriginullv this ilistillution was <*a 
mu! b\ ♦hatgiue the erude .hale as luiiuni into n‘t-ortH simihi 
thon- u led f«»i the di4dl.iti(»n of wood In the most. mo<k*rn pi 
the '.hah 1 ntdqertml to a preliimuarv treatment, being ground 
powtfer wlii^h im\ed with a aibtaiasn .Mieh as magn<‘i 
ihhaidtu isipable ot aiding oil h \ tlis »eh}( »i ic' aci<h and po'ssed 
brnpaifes. ‘The e are built up into the is-liai so as to allow 
psis'sige for the vapoui ■ bberateii on heating, a imut* eflieitait- 
being obtmneti in thi s w as . dlie fuis’t i(»n of t h<* ehl(»rid<‘ is to ( 
a piehiidnar\ retiuing of the produet b\* removing; sonu^ ol 
undeairabh* h% prodmn s td diOilhdion. d'lie erude oil tims obti 
Vi rrtineil in a similar manner tf» peirtjleum, being first s<*pa 
into two f»r three fraetious liy did illation. The;:e are then wj 
idteniHtely with mdphurii' arid and alkali and fraetional 

*l hi* more \s dat ile 1 1 int illat iss obt u iuf ^d a re linov\ n as Shale N a | 
or Hhiih’* Spirit, ’^rins is elosely similar to p<*trtd<*uin spiiit i 
proiaaiies, but is inferior to it in <pmUty for iiumi |mrposc*H, 
cainliiina a ingh**r proportion of tin* okdiim Htuaes of hydrocair 
li noiisiaia tisually tif 4d to 50 jH*r enmi* of olefint's, rnina 
iKung prineipally hnptitnt% wit-liont any traee of aromatic h 
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carbons. Tbo spcciOo gravity is 0-718 to 0-730 and the distillation 
range 05'' to 100'\ 

Shale naphtha is a wator-whito, very limpid liquid with a slight 
odotir. It is insoluble in water and alcohol, but mixes freely with 
other, turi)ontino, benzole, etc,; it readily dissolves all oils (except 
castor oil), soxno of the resins (such as gum damar) in the natural 
state, and nearly all whe^n they have been partially decomposed by 
fusion. It is very volatile, and, unlike either turpentine or rosin 
spirit, evaporates without leaving any residue behind. 

Shale naphtha is used to a certain extent as a motor spirit and 
for many purposes as an alternative to benzine. It is employed 
lai'goly in Scotland as a solvent for rubber, as an alternative to 
coal-tar naphtha. 
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CHAPTER II 

COAL-TAR HYDROCARBONS 


When the tar obtained as a by-product in the destructive distil¬ 
lation of coal in gas works is distilled, the distillate is usually col¬ 
lected in from three to five fractions as the temperature rises, the 
method varying in different works. A usual classification is as 
follows:— 

Light oils.80°—170" 

Middle or carbolic oils .... 170°—230° 

Creosote ...... 230°—270" 

Anthracene or green oils . . . over 270° 

Coal-tar Naphtha. 

The “ light oils ” or “ crude naphtha ” is a dark brown, evil- 
smelling liquid, somewhat fluorescent in character, with a .specific 
gravity of about 0"9. It is an extremely comjjlex product containing 
both aromatic and fatty hydrocarbons, naphthalenes, and a wuk^ 
range of derivatives such as phenols, pyridincs, aniline, toluidino, 
thiophenes and other sulphur compounds. 

In the crude state, coal-tar naphtha is used as a solvent for 
pitches in the manufacture of bitumastic preparations. The crude 
naphtha is refined by first purifying it by washing alternately with 
sulphuric acid and soda lye in a similar manner to petroleum. 
The treatment with sulphuric acid removes the un.saturatcd fatty 
hydrocarbons and some of the higher benzene hydrocarbons as well 
as thiophenes, whilst the caustic soda eliminates phenolic and 
similar compounds. The purification is completed by thoroughly 
washing with water. 

All the coal-tar solvents, including benzol and solvent naphtha, 
and other industrial products such as the naphtha used a.s 
a fuel, are obtained from this refined naphtha by fractional 
distillation. The chief products thus obtained from the original 
tar are ^ :— 


90 per cent, benzol 

1-71 gallons per ton of tar 

90—160 solvent naphtha 

■ 2-06 „ 

Heavy naphtha 

0-45 

Carbolic oil . 

4-03 

Creosote oils 

• 53-47 

Pitch .... 

7 7 ) 7 7 7 

13*55 cwt. 
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Benzol. 

On fractionating tho refined coal-tar naplitha just described, 
tbo first portion to conic over, below contains all tlio lower 

bydrocarbons of tbo benr.enc scries and consists chiofiy of benzene 
and toluene in variable proportions, with small quantities of higher 
hoinologuos. This is generally known industrially as Benzol or 
Benzole. 

Tho production of benzol from coal-tar naphtha is carried out 
in plant similar to that descrilxHl under White Spirit. This state¬ 
ment should really bo i*oversed to represout the facts correctly, for 
the production of bcxizols, etc., from coal tar was developed first 
and tho refining of j)otrolcuni was originally modelled on gas-works 
practice and follows it in tho main principles, with such modifications 
as experience of the dilTercnco between tho two classes of product 
has shown to bo desirable. 

A further source of benzol was developed during tho war, when 
the need for benzene, and especially toluene, became acute. Ordi¬ 
nary coal gas used as an illuniinant contains a material proportion 
of benzol which is not really necessary for modern methods of 
illumination by incandescence. This benzole is thci'oforc removed 
by tho ])rocess known as “ stripping.” This consists of passing tho 
gas through a waslua* or scrubber in which it is subjected to oil in 
tho foi'm of a fiiu^ sj)i'iiy. ''.flic oil dissolves out all tho IxmzoL and 
tho r(\slilting mixture of oil and benzole is tluui distilled to recover 
tlu^. benzol, the oil being used over and over again. 

Cas oil,” a fairly heavy })ctroleum distillate, intorniediate 
between parafiin oil and lubricating oil, is sometimes us(kI for this 
ojieration. b\)r the most part, liowcver, a heavy creosote oil obtained 
from th(^ coal tar is cm{>Ioyocl, having a distillation range of 2]0‘^ to 
''Jlic important [)oint is tha.t there shall be a wide margin 
between tlic boiling point of tho benzol and tliat of the oil so as to 
facilitate the sej)a.i*ati()n by distillation. Tho crude benzol obtained 
is ])urified in the same manner as that obtained from tho tar. 

Bcuizol is a cihair, colouiloss liquid with a peculiar and rather 
objectiona-blc smc'll due to the presence of small quantities of 
impurities such as caibon bisulphide. 

1110 approximate composition is :— 

JJenzeno ..... 60—75 per cent. 

Tohienc ..... 24 ,, 

"Light hydrocarbons . . . 4—6 ,, 

Carbon bisulphide ... 2 ,, 
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The specific gravity varies considerably, from 0*865 to 0*900j 
according to the source of the tar from which it is distilled. Englisb 
benzols range from 0*880 to 0*888, Scotch average 0*870 and American 
from 0*879 to 0*882. A higher gravity usually indicates an excessive 
proportion of carbon bisulphide. 

Benzole sometimes contains pyridine to the extent of 0*1 per 
cent., which can be eliminated by agitation with sulphuric acid. 
Carbon bisulphide may be eliminated by converting it into potassium 
xanthate by treatment with alcoholic potash. 

The removal of this impurity results in a marked decrease in 
the specific gravity and improvement in the smell if present in any 
quantity. According to Nickels ^ :— 

1% of eSg raises the specific gravity by 0*0033 
2% „ „ ,, „ 0*0065 

3% „ „ „ „ 0*0093 

Benzol is used as a solvent for oil-soluble dyes in the preparation 
of stains for woodwork, owing to its high penetrative power. It is 
also used as an ingredient and diluent of paint removers and is 
added in small proportion to turpentine substitutes to increase 
their solvent power. 

Its use as a solvent is, however, only incidental. Its principal 
uses are :— 

Motor Spirit. —It is used either alone or as an addition to 
petrol to improve the calorific value. 

Artificial Dyes ,—It is the raw material for the j[)roduction of 
nitrobenzene, which on conversion into aniline forms the 
starting point of the aniline series of dyes. It is also the 
starting point for synthetic indigo, etc. 

Drugs ,—It forms the raw material for many synthetic drxigs. 

Explosives, 

For use as a solvent and extracting agent, benzol is further 
purified by refractionation and separated into several grades, 
usually denoted by the percentage distilling below 100°. 

The highest grade is 100 per cent., which is a mixture of prac¬ 
tically pure benzene and toluene. 

The benzol used by the Air Board for the manufacture of aero¬ 
plane dope ® must conform to the following data as regards jxhysical 
properties;— 
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Specific Gravity at IG''.—0-883 to 0*886. 

JHstittation. Bange.—OB per cent, between 75° and 85°. 

Residtie on Evaporatioii.—l^ot more than 0*01 per cent. 

Carbon Bistdphide Content .—Not more than 0*01 per cent, 
(the method of determination is prescribed in detail). 

Free AcitL —Absent. 

Colouration with Sulphuric AcM .—^Not deeper than a 4 per 
cent, solution of iV/lO-iodmc in distilled watcr. 

Abseyice of Paraffin Jlydrocarboiu ^.—^Must be completely 
s\ilj)honatcd on treatment with Hulplniric acid, (The method 
of determination is prescribed in detail.) 

The ordinary industrial variety of benzol is 00 per cent. 

00 per cent, by volume distils xindcr 100°), A good sample should 
approximate to the following distillation range :— 

30°—85° . . . . . .25 per cent. 

85°—90°.65 „ „ 

00°—120°.10 „ „ 

Over 120° ...... nil. 

Fifty per cent, benzol should have the following range :— 

]3olow 100" ...... 50 per cent. 

Below 120" . . . . . • 00 ,, ,, 

Oveu* 130" ...... nil. 

This has a. speeifie gravity of 0-867 to 0*880 ; it contains a larger 
percuuitagc of xylenes than the 00 j)er cent, and gonenilly a trace 
of carbon bisulphide. 

The lowcNst grade is 30 per cent., which distils 30 per cent, below 
100" and 90 ])er ovni. below 130". This contains only a small 
jxu'ceniagc of benzene, the bulk being toluene and xylenes. 

Sol rent Na})lilha. 

Tin’s is obtained as the next fraction in the distillation of 
renned coal-ta.r naphtha after the removal of the benzol. It owes 
its pronounced solvent power, combined with great volatility, to 
the presence of a largo proportion of xylenes and cumenes, but 
has an exceedingly complex and variable composition, including, 
in addition to the above, a x^i'opox'tion of x^araffin hydrocarbons 
and a small content of nax:>hthalone. 

Oiaginally it comprised the whole of the distillate after removal 
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of the benzol or motor spirit and was extremely rich in xylenes, 
but much of this is now refractionated to supply the demand for 
pure xylene. In addition to residual benzene, toluene and xylenes 
it contains cumenes and other aromatic hydrocarbons, small 
quantities of paraffins and olefines and traces of naphthalene and 
phenolic bodies. 

It is a water-white liquid with a peculiar and rather unpleasant 
penetrating odour. Some solvent naphthas have a tendency to 
lose their water-white condition on keeping and gradually develop 
a straw tinge, ultimately passing into brown. This is particularly 
the case with those prepared from a crude naphtha obtained from 
producer gas tar. 

Solvent naphtha is highly inflammable, burning rapidly with 
a very smoky flame. It is miscible with alcohol, ether, turpentine, 
white spirit and nearly all organic solvents, and is a very powerful 
solvent for oils, fats, waxes, resins and india-rubber. Solvent 
naphtha reacts readily with nitric acid, the aromatic hydro¬ 
carbons being converted into the nitro-derivatives, but is inert 
to hydrochloric and sulphuric acids, and is not acted upon by 
alkalies. 

Two grades are generally recognised. 

1. Light Solvent Naphtha, which distils 00 per cent, below 
160*^. This has a flash point of 70-73° !F. and a specific gravity 
of 0*865 to 0*875. This grade is mainly used as a solvent for 
rubber, for which it is almost the only solvent of industrial 
importance. For use in the rubber industry it is important 
that the initial boiling point should not be below 80°, indicuit- 
ing that all the benzene has been removed, the solvent con¬ 
sisting of about 20 per cent, toluene and 80 per cent, xylenes. 
The absence of any material proportion of benzene is esseniia,! 
because of its highly toxic action, as the processes involved in 
the preparation of rubber necessitate the constant exposxiro 
of the workmen to the fumes of the solvent. Before the 
dangerous toxicity of benzene was recognised several fatalities 
occurred in rubber factories owing to solvents containing it 
being employed. 

The value of solvent naphtha as a solvent for rubber lies 
in the fact that it causes the rubber to swell rapidly and tlxus 
considerably facilitates the working. This grade is used to a 
smaller extent in many other industries, and their roqxiire- 
ments as to the proportion of benzene, toluene and xylenes 
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admiaaible vary somewhat and arc nsually met by specifying 
a definite distillation range. 

The points that influence the selection of a particular 
fraction are :— 

1. Toxicity.—^If the x)rocess in which the solvent is 
employed docs not involve exposure of workmen to the 
fujnes, a proportion of benzene is admissible. 

2. Flash Point.—If a flash point above 73® F. is essential 
a high fraction must be chosen. 

3. Loss by evaporation is rcdxicod by using a high fraction. 

4. Greater freedom from residual solvent in finished goods 
is obtained by using a low fraction. 

2. Heavy Solvent Naphtha, distilling between 160® and 190®, 
and usually specified 90 per cent, below 190®. This has a 
flash point of 95® to 100® F. and a si:>ecific gravity of 0-880 to 
0-910. It is mainly used as a solvent and thinner for quick¬ 
drying paints such as anti-fouling compositions, and as a 
solvent for xxitches. It is also used in conjunction with white 
sfxirit as a thinner for priming paints for woodwork. Its 
value in this direction is partly duo to the fact that it has a 
great(‘r penetrative })ower for wood than oilier solvents, and 
it is j)a.rticiilarly usc'.ful for the priming of sappy or resinous 
woods. In addition to tin's, it ha.s considerable toxic and 
germicidal ])ropc5rti(\s. It therefore tends to preserve the 
wood by sterilising it and destroying any mould s[)ores or 
ins(‘et e‘ggs it may contain which facilitate its decay. It is 
also used as a thinner for cellulose varnishes and lacquers. 


Be.iizcnc. 


Tins is the fuiuhimental cojnpound of the aromatic or ring 
series of hydrocarbons. It has the empirical formula and 

the structural formula generally accepted is that suggested by 
Ivckule, the carbon atoms being arranged in a closed chain, 
thus :— 


CH 

H ffiT 
CM (Jh 






u.snally rox>rosoiiiod 
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It is therefore an unsaturated body with. 6 valencies latent and 
available for the formation of additive compounds. 

The term benzene is by common consent restricted to the pure 
hydrocarbon, the coal-tar distillate already described, from which 
it is chiefly obtained, being known as benzol for distinction. 

To prepare pure benzene, commercial benzol is agitated succes¬ 
sively with dilute sulphuric acid, water, and milk of lime or caustic 
soda solution. It is then digested at 100° with a small quantity 
of concentrated sulphuric acid for several hours. This decomposes 
the sulphur compounds such as thiophene and the unsaturated 
hydrocarbons, olefines and acetylenes, which separate out as a 
black sludge. Tresh quantities of acid are added from time to 
time until no further discoloration of the acid takes place, indicating 
that these compounds are all removed. 

The purified product is then subjected to fractional distillation. 
The portion distilling below is collected separately and the 
benzene separated from its homologues by freezing, when it 
crystalhses out at 5-5°, the higher compounds remaining liquid and 
being separated by vacuum filtration. To remove the last traces 
and obtain the benzene perfectly pure, this process of crystallisation 
is repeated one or more times. 

Benzene is a colourless, very limpid liquid, with a high refractive 
index, 1*501, and a characteristic unobjectionable odour. It 
solidifies at 5*5° and boils at 80*5°. It gives off a highly innammablo 
vapour at ordinary temperatures, the flash point being 8°. 

It is practically insoluble in water, but soluble in all proportions 
in the lower and higher alcohols and most other solvents. The 
specific gravity is 0*884 at 15°. It is readily identified by the 
smell, specific gravity, flash point and boiling point. 

Benzene is now manufactured in large quantities of such purity 
that from 95 to 98 per cent, will distil within 1° of the thcoreticjil 
boiling point. This is known as crystalUsable benzene. 

The purity of benzene may be determined by the following 
tests :— 


1. Freedom from unsaturated hydrocarbons. 100 c.c. of the 
sample, when agitated with 20 c.c. of concentrated H^SO^ in 
a stoppered bottle, should show only a very slight coloration, 
not exceeding a pale straw yellow, after standing for several 
hours, 

2. 10 c.c. are placed in a stoppered bottle and a saturated 
solution of bromine in distilled water is added drop by drop, 
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Bliaking after each addition "until a yellow coloration is obtained 
which persists for at least B minutes. Not more than 0-5 o.c. 
should be required. 


Tolvene and Toluol, 

Toluene, or methyl-benzene, is the next homologuo in the 
benzene series of hydrocarbons, and consists of benzene with one 
hydrogen replaced by methane, thus :— 



It is produced in the dry distillation of many resins, notably 
Balsam of Tolu, and is present to a considerable extent in coal- 
tar distillates. It is very similar to benzene in its technical 
properties, but a rather more powerful solvent. It is a water-white, 
readily volatile and inflammable liquid with an odour of the same 
general chai’actcr as benzene, although there is a distinct differ¬ 
ence, so that the two are quite readily distinguished when in a 
pure state. 

It has a much lower solidifying point, below — 95°, and the 
boiling point, following the usual rule that the boiling point rises 
witli ilio compk^Kity of the hydrocarbon, is 111°. The flash point 
is 7”, th('- spc^cific. gravity is 0-881 at 0° and 0-871 at 15°. It has a 
refractive^ ind(‘x of I-49(). 

An almost pure toluene is obtainable commercially with a 
nearly constant boiling point ranging round 110°. Less pure 
commercial toluene is generally known as “ toluol ’’ for distinction, 
and is manufactured on a lai-ge scale. The boiling point of tliis 
should ra.ng<'< Ixtvvecui 1 10 ’ Jind 120”. 

d\)Iueno forms the chief constitucuit of 50 per cent, benzol and 
is also j)rcs(‘nt to a. larger extemt in 90 per cent, benzol. It is employed 
for many industrial purposes, but is not extensively used as a 
solvent in the paint industry. On account of its great solvent 
j)ow(U' for wax(\s it is used as the solvent in the preparation of 
cncausti<i solutions for the preservation of stone and mural 
paintings. 


Xylene and Xylol, 

This is the third member of the bonzone scries and is benzene 
in which two atoms of hydrogen have been, replaced by methane. 
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According to tlie position in which, these are attached to the benzon' 
molecule three varieties of xylene are formed, thus;— 






CH 3 

CH 3 

Ortho-xylene. 

Meta-xylene. 


CH3 


CH3 

Para “Xyl one. 


These vary in their cheraical and physical properties, but in genera 
they differ from benzene and toluene in having a higher boiling 
point and a lower specific gravity, and being more chemical 
active. Commercial xylene, generally known as xylol for distinc¬ 
tion, is manufactured in considerable quantities by the fractional 
distillation of coal-tar naphtha. It contains the three isomeric 
xylenes in varying proportions, together with higher homologucS; 
as well as hydrocarbons of other aromatic series and also paraifins. 
The ingredient of commercial value is meta-xylcnc, the other two 
isomers having a tendency to oxidise to form tarry matters. 

Like benzene and toluene, xylene is a watcr-wlxite, limpid 
liquid, with a boiling point of 139° and flash point of 23°. Com¬ 
mercial xylol has a distillation range of 135°—140° and a Bpccific 
gravity of 0*865. The flash point is 30°. It is used to a con¬ 
siderable extent as a solvent for asphaltum and also in the printing 
industries for certain processes where a very even evaporation is 
essential. 


Cyclohexane. 


This is the hexa-hydride of benzene, produced by saturating 
it with hydrogen by passing a mixture of benzene vapour and 
hydrogen through a red-hot tube containing freshly-rcducod iiick(4. 
Any unchanged benzene is then removed by treatment witli strong 
sulphuric acid, which sulphonates the benzene but docs not roa^ct 
with the hydride, which is a fully saturated hydrocarbon having 
the constitution 



It is a liquid at ordinary temperatures, but solidifies at f 6°. The 
boiling point is 81° and the specific gravity 0*79. It has a refractive 
index of 1*426 to 1-429. 

Cyclohexane has been prepared on an experimental scale, but 
it is not at present available in industrial quantities. 
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Tetralin. 

This is a syntliotic product, prepared by the action of hydrogen 
on nai)hthalcnc, tiio complex aromatic hydrocarbon obtained from 
coal tar. Naphthalene is a condensed bonzenoid substance, con¬ 
taining 5 dotiblc bonds, and, theoretically, tlie hydrogenation of 
naphthalene can take place in five stages according to the number 
of double bonds in the molecule which arc saturated. All these 
five possibl(‘> derivatives have been prepared experimentally, namely, 
the di-, tetra-, lioxa-, octa- a.nd deca-hydrona}>hthaIencs. Only 
two of these compounds a.ro produced industrially; namely, the 
tctra-hydridc", known as tcitralin for short, and the dcca-hydrido, 
or dekalin, which is described in the next section; in those one and 
both of the bonzone idnga are saturated respectively, thus :— 




H 


H H 


H H 


Naphthalene, CioHg. Tctrahydronaphi/halono, Docahydronaphthalono, 


They are more readily j)roduced than the intermediate compounds 
as the hydrogenation t('nds to take plane mainly in these two stages, 
one or both of th(' honzcuio rings bcung saturated. 

ddius Lc'roux found tluit by hydr-ogcaia-tiiig na[)lithalenc at 
190 ’ or high(‘r t(unf)ca’atures ho obta.in(‘d pure dekalin, wlu'reas 
at lowcu* tcunpcu-aturc^s lu^ obtaiiu^d pure', tc'tralin. 

Similarly, one finds that if bd-ra-Iin is tr(‘a.t(‘d with more’! hydrogen 
without c’Urrrv'ing th<‘ ri^atdion i-o (u)inpkdc'ness a-n iutcMinodiato 
product is obia.iiu‘.d, known as Ictntlhi (wfni. ''Phis is not, a^s onci 
might (\xp(H;l-, a. mi\tur(‘ of all i\\o int(u*m(‘(Iia.te compounds, but 
(U)nsists of t,(‘tra.lin a,ml (l<‘ka,lm only. On fi*a.cti()na.tion, the niixiurc 
H(’!f)ai*a,tes (luii-<‘ sharply mt,o th(‘ two eonsi,itiuMit,s. 

Tlu^ hydrogtmation of naphtlia.kmc^ r(‘sults in a-n alteration of 
{)hysie.al {)r<>[)(‘rti(\s as shown by i/lu' following data. :— 



Boiling 

point-. 

Kla,sli 

poiiil-. 

Sp. gr. 

ltofra.(*U VO 
uak^x. 

Naphlhukau^ (wolid) ... 

2IS’ (1 

_ 

1*145 

_ 

(li<iui(l) 

205 ”(\ 

1 72^ h\ 

0*080 

l-54()2 

l^it.raliu t^xira . 

190 205’(t 

140“ K. 

0*000 1 

1-4815 

I)(d<aUji (!i((ui(l) . 

100 ’(1. 

1 25“ F. 

i 

0*800 

1-4 072 
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It will be seen from this that there is a progressive change ir 
properties, the naphthalene changing from a crystalline solid to 8 
liquid, the boiling point being lowered by progressive hydrogena¬ 
tion, together with the specific gravity. There is also a distinct 
change in the odour on hydrogenation. The strong characteristic 
odour of naphthalene is apparent in tetralin, but considerably^ 
reduced, whilst dekalin has a characteristic smell of its own. 

The production of tetralin was developed in Germany during 
the war in order to provide a substitute to fill the shortage of turpen¬ 
tine and petroleum distillates, and it was used both as a solvent 
and a motor spirit. It is now produced on a very largo scale from 
naphthalene, which is a comparatively cheap by-product of the 
coal-gas industry. 

Although the operation of hydrogenation is quite simple in 
theory, all that is necessary being to treat the substance with 
hydrogen in the presence of a catalyst, it requires considerable 
skill and experience to carry out the operation efficiently on a com¬ 
mercial scale. The process requires three essential ingredients for 
its operation :— 

1. The raw material to be treated. 

2. Hydrogen in a high state of purity. 

3. A catalytic agent to induce the reaction. 

The choice of a catalyst is a very important matter. A largo 
number of substances are available and are used for various special 
purposes. Of these the most efTective arc finely-divided nickel 
and copper oxide. The former probably acts by forming an unskible 
nickel hydride which reacts with the unsaturated body, rcleavsing 
the nickel for further action. Great care is needed in the prcx>ara- 
tion of the catalyst as the material is required in a state of absoluto 
purity. The merest trace of some impurities will servo to ])oison 
the catalyst or prevent its efficient action. The purity of the 
hydrogen used is also of importance to the success of the oj)eration. 
The slightest trace of an impurity, such as carbon monoxide or 
sulphur dioxide, for example, will suffice to poison the catalyst 
and lower the efficiency of the plant if it does not entirely i^rcvcnt 
the reaction. 

The usual method of preparing the hydrogen for the hydro¬ 
genation of naphthalene is by the purification of water gas. For 
this purpose the CO is removed from the water gas by treatment 
with superheated steam, when the reaction occurs ;— 

CO + H^O = CO2 + Hg, 
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The carbon dioxide is removed quantitatively by scrubbing with 
water under ’proBBum, leaving the hydrogen perfectly pure. 

The crude water gas, produced in lat'gc generators, must undergo 
repeated purUications to yield the chemically pure hydrogen neces¬ 
sary. f^'or the sanie reasons, the raw materials used must be treated 
to remove any possible impurities, both chemical and mechanical, 
in order to ensure successful treatment. In the case of naphthalene, 
the greatest difficulty is to eliminate sul])hur, which is always present 
in commercial naplithalcne in the form of tlnonaphthene. This is 
found even in pure sanij>les to the extent of about 0-25 per cent., 
whitdi is quite suflicient to impair the efficiency of the catalyst. 

The reaction betwe^on tlio three materials is carried out at a 
temperature of 150'^ undc^.r pressure in an autoclave fitted with 
efficient stirring devices to ensure ample contact between the 
hydrogen and the reagent. Unlike the hydrogenation of oils, 
where it is necessary to discharge the autoclave completely on 
completion of the reaction and separate tlio catalyst from the 
finished product by filtration, the hydronaphthalcnes can be dis¬ 
tilled off from the axitoclavc, leaving the catalyst behind and the 
autoclave can bo charged and discharged in this way some fifty 
times without opening it. The reaction proceeds automatically 
and the etid ])oint ca-n })c readily deUxited by obscrviiig the increase 
of tein})(U‘aturc‘. and diminution of ])rcssurc winch occurs. 

(k)mmcu*caaJ Uqaalin attains a higli degree of puiity and has 
tluu’eforc'i a nearly constant boiling point. A sample examined by 
the author ^ gave tlu^ following results on a first fractionation :— 

Up to 100 ’ .... 2 c.c. (mainly water) 

100”—205” .... nil 

205”-™-20S” .... 1S2 c.e. 

20S” - 210” .... H e. 
ovei* 210” . . . . <S c c. 


200 e.c. 


ihung 
in iTia,ny 
with the 
CdT 


only j)artiaily saturaXed, t(^tralin is (ai})al)lo 
ways. Its constitution may b(^- ix'garchxl a.s 
two aliphatic grou[)s link(xl together by 



Ortho-xylol. 


Totr<ilin 


of reaction 
or-tlio-xylol 
the group 
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Vollmann has shown that this constitution is confirmed 
its chemical reactions. In general, tetralin behaves like a benzcn< 
derivative, although it is chemically more active. An oxccptioi 
to this is the fact that an alkaline solution of tetralin discolouri 
potassium permanganate.® 

Treated with concentrated sulphuric acid and then noutraliscc 
with alkali, tetralin yields tetralin-soda-sulphite, a white, soapj 
substance which is soluble in water and has a powerful emulsifyini; 
action. One can also form derivatives such as phenols and amines 
from tetralin. Thus tetrahydronaphthol or '' tetralol ” is manu¬ 
factured for use as a disinfecting soap, and various other com¬ 
pounds, such as tetrahydronaphthylamine, have been prepared it) 
the laboratory^ 

If tetralin (not recently distilled) is shaken up to an emulsioxi 
with water and starch, and potassium iodide solution added the 
well-known blue coloration appears. This reaction can bo used 
for the detection of tetralin in benzols.® 

Tetralin is also capable of autoxidation in the same way as 
other unsaturated hydrocarbons such as turpentine. A sticky 
film develops on the neck of a bottle in which it is kcj)t for any 
length of time, the liquid gradually acquiring a pale straw colour. 
A similar reaction occurs if it is evaporated over a water-bath 
at a low temperature, when it turns yellow and ultimately rcsinifios. 
By evaporating 250 c.c. at a temperature of 80°, the author obtained 
a residue of 7 c.c. of a brown resin. 

J. A. F. Wilkinson has jDointed out that tetralin which has 
been stored for any length of time becomes miscible with alcohol 
in all proportions, whereas the freshly-prepared compound is not. 
This is ascribed to the development of oxidation products, which 
affect the properties of the liquid, in particular lowering tlie inter¬ 
facial tension between the tetralin and the alcohol to the extent 
of producing complete miscibility.^ 

Tetralin reacts to form coloui’ed resinous substances with organic 
compounds of metals, notably the linoleatc and resinate of man¬ 
ganese. This is rather a disadvantage to its use in thinners for 
white paints containing metallic driers, which are liable to develop 
a pink coloration owing to this reaction. 

Lauffs has shown that such discoloration of white paints by 
reaction of the tetralin only takes place in presence of manganese 
compounds, and if the use of manganese in the drier is avoided no 
difficulty is experienced in this respect. He suggests that tetralin 
may be used as a x^eagent for detecting manganese in white pig- 
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nurntB : if a aamplo is moistened with tctralin and dried on the 
steam-bath the presence of a minute trace of manganese causes a 
pink coloration. Ho claims that 0-005 per cent, of manganese in 
lithopono can be detected in this way. 

The smcdl of tctralin is somewhat i)ungont and not so agreoabl© 
as that of turpentine, for instance, but the vapour docs not produce 
any tmi)ioasant elTccts. 

Experiments on this point published in a report by the 
Ministry of Health in Berlin in 1920 indicate that it is with¬ 
out any toxic properties and the cxj)erionco of the author fully 
confirms this. Although non-poisonotis to humaxi beings, it is, 
like naphthalene, destructive to insect life and can bo em¬ 
ployed as a harmless insoctieide for the preservation of fruit 
trees, etc. 

Tctralin is not soluble in water and only slightly soluble in 
alcohol. But it is miscible with butyl and amyl alcohols and the 
addition of 10 per cent, of higher alcohol or benzol to a mixture 
of equal parts of tetralin and ethyl alcohol is sufficient to render 
them completely miscible. 

Tctralin ranks as one of the most powerful solvents for oils 
and resins. It not only dissolves all vegetable oils but has a decided 
solvent action on linoxyn and for tliat reason is too powerful to 
use by itself as a paint thinner, as paint made with it would bo 
liable to soften ilie undercoats. It does not act like alcohols in 
its solvent a.c‘.tion and <l<)es iiot dissolve shellac and similar substances 
which a»re solul)le in methylated si)irit. 

It h<a,s htnai stated tluit tc^traliii is a solvent for synthetic 
r(‘sinH of tlu’! pluaiol-fonualdcdiydo type, but this has not been 
confirin(‘(l by t.he author, whoso exp<niencc is that such resins 
a.r(^ cpiitc'- insolublci in t(‘tralin—a paiitiaJly j)()Iyinerised resin of 
this ty})c^ caui he dissolved in a mixture of i(dralin and butyl 
alcohol, but the tetralin will he found to sc^pai'ate out on 
.standing. 

atbeit/ol typ(^ of synthetic resins are, however, soluble in 
tcd^ralin, and the same aj)plic"s to the synthetic ixisins prepared 
from couniarone, for which it is a good Holv(ait. Jt is a strong 
solvent l<xr wa.xcxs and rubber, but does not readily dissolve cellulose 
nitrate or aceta.t(\ 

The rate of evaporation is considerably slower than that of 
txirpentine. Vollmann ck^tcrmiiicd the respective rates by com¬ 
paring the time taken for compk^.te cva})oration of an equal number 
of drops of equal size of diirercnt solvents on filter-pax)cr. His 
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results are given as follows, taking the mean of three experira 
in each case :— 

Sp. Or. 

^ ^ r4 drops in 93 minutes. 

TetraJm .... 0.987|^ 9 

Tetralin extra . . . 0*904|* ” ” 

18 „ 69 

Turpentine . . . 0-867{J ” 

v,0 J, ,, 

Calculating the mean ratio between the results, one obtainfc 
following relative ratio of evaporation ;— 


Tetralin ...... 6 

Tetralin extra . . . ,3-2 

Turpentine . . . . .1 


Coleman and Bilham found tJio relative rates of evapora 
to be:— 

Tetralin extra . . . 0-0546 gr. in 91 minutes 2-890 

Turpentine . . . 0-0711 ,, 39 ,, 1 

Schrauth and Hueter give the percentage evaporation 
different solvents per minute as :— 


Tetralin . . . .0-14 Rosin Spirit . 

Tetralin extra . . 0-46 White Spirit . 

Russian turpentine . . 0-48 Benzene 

Turpentine . . . 0-58 Solvent Naplitha 


But although the rate of evaporation of tetralin is thus e- 
paratively slow, evaporation is very complete. Whilst it p 
merises to a considerable extent if evaporated at a temjxuatur 
80^, this only takes place to a very slight degree at ordii 
temperatures. 

Coleman and Bilham give the percentage residue on cvap< 
tion for tetralin extra and turpentine as 0*001935 and 0-01 
respectively, or in the ratio 1 to 7-8. 

The slow evaporation of tetralin combined with its str 
solvent action renders it very useful in the preparation of pi 
removers. By using a mixture of tetx’alin and acetone one obti 
a very powerful solvent, because the acetone attiicks tlu^ li 
which is then held in solution by the tetralin and kept soft ii 
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Hufficicrit time to ona,bla it to bo worked upon. At tlie same time 
it evaporatcH completely in a few liours, leaving a perfectly dry 
and <dean Hurfaco for repainting. 

The hIow but comploto evaporation combined with the great 
Holvent pow(U' Is also an advantage in the preparation of wax polishes 
and the lik(\ 

has alixuuly been mad(b (i)age 31.) to the fact that 
by the combination of tctralin with wliito spirit a solvent j)racticany 
i'squivalent to turpentine in its properties can be obtained, and a 
mixture of tlu^se two solvents forms a very satisfactory thinner 
for paints and varnishes. It can also })c used with advantage, in 
(‘ombination witli solvcmt naphtha, to slow down the evaporation 
and raJs<‘ the fhish point without impairing the solvent power. 

T(‘t.raJin is a solvent for a largo range of dyes and this, com- 
biih'd witii its great penetrating xjower for wood, renders it a useful 
solvcint for the ])roparation of stains for woodwork. 

Dehalin 

If teiralin is rc-treated with hydrogen in presence of a catalyst 
under higher tem]xu*ature and ])ressnro than those required for its 
formation from n^lphi-halcn(^ it is converU^d into the fully saturated 
(l('ea.-hy<lrid(N tlu': nain<^ of which is contracted for convenience in 
g(m(‘ra.l us(‘ t.o l)(‘ka.lin. 

The furth(‘r hy<lrog(H'ia.tion is a.ceompa.nied by a further change 
in pi-op(U’l.i(\s, tli(' boiling point falling to 190", the sj)ccific gj*avity 
t,o ()*S90, and ilu^ r(‘fi’a,ciiv(‘ imh'x to l“l()72. ''I'lio odour of naj)!!- 
t,ha.l(uu' <mtin‘ly diMa.pp(\ars, (l(‘lva,lin possessing a ])eculiar character¬ 
istic* snu'l! of its own, (piitc^ diUVreni fi’om that of tctralin, resembling 
that, of (lain[) st ra-w. 

B(*ing a, fully saturatc'd body it is cliemic^ally more sta})lo and 
(lo<*s not. r<*a,(t. to tiu* sa.mc' (‘xtc'nt. as t(‘ira.lin. Jt does not resinify 
on (‘va.i)orat.ion, foi’ (*xa.mpl<‘, and may he kept for prolonged periods 
without showing any (“ha.ngc* of [)rop<‘riies.'‘' Its vapour a])pears 
t.o lx*! <|uit<s without; physioIogi<‘a.l (9T(*ct (uthcr on animal or insect 
lif<^ Its solvu'nt- [>o\V(*r is (•onsi<l<*ra.l)ly I<*sh [)ronounced than that 
of tcdralin. Acu^ording to the* a-utlior’s ('xperiemeo it is practically 
ca|uiva.l(mt/ t.o tan’pc*ntiiu^ in this r<‘spec*.i ; it mixes in all properties 
with family oils and dissolvers waxes and soft gums like damar, 
mastic and marulla in (‘(piivalcrnt prox)oriions to turpentine. It 

*** Thc» diKCiolerutlon in prcHcnuio of iiianganoso chai'actoristic of tetralin 
does not occ\ir with dokalin. 

4 
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does not, however, dissolve hard gums like kauri and copal 
does it attack linoxyn. 

It is practically insoluble in water and alcohol but mixcB 
other organic solvents. The rate of evaporation is rather quic 
than that of tetralin and as there is no oxidation during ovaporai 
it leaves no trace of non-volatile residue. 
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CHAPTER III 
THE TURPENTINE GROUP 


TiiM BolveniB in this groni), which American turpentine is the 
most important mombor, arc mainly derived from the resinous 
exudations of various Hpccies of pine and other coniferse. 

They consist CHsentially of anixtun'is of various members of the 
largo and important group of aromatic Jiydrocarbons known as 
ierpenes. TJicso occur in nature as the principal constitueuts of 
tin’s osHcuiiial oils contaiiKul in a wide variety of ]>lants, being present 
either free or in the form of dcuivatives—oxygenated compounds, 
alcohols or Jvetonc\s. Tlu’sy «iro vvaier-white liquids, with an 
aromatic simbll, lighter than water and volatile without decom¬ 
position!. Tlui various xnemboi's of the group arc closely similar 
in tluur physical prop(u*tics, the dilTcu’encc in composition between 
tiuun being anainly in the grouping of atoms in the molecule. On 
tl>is accHiunt the change from one member to another is very readily 
olfectcd and many of them exist in two different modifications 
only distinguished by their action on polarised light; thus pincnc 
exists as dextrorotatory and l^evorotatory, tlic two varieties often 
occurring together in proportions which result in optical inactivity. 

''rhcNse characteristics rcndcu’ the isolation and classification of 
j)ure Uu'peiies a maXtor of consid(a-a,})le diffieiilty. They arc closely 
a,Ili(‘(l to c^yiiKaie aud ea,mphor, a.ll iia-viiig the enij)iricaJ formula 
but va.rving consi(l(‘rabIy in eonstiliiiion ; they nuiy bo 
divided into t hree groups, of wliich the ])riucipa.I members arc Piuene, 
Sy 1 V(‘slrcaH' a.ud Ph(‘lla,udr<‘ne resjuad/iv(‘ly. 

A (a)esid<‘ra.b!o a-inounf of work ha.s been dene on the constl- 
iul-ioii of ilu^ t.(a’p(UK‘S. Kcdculc considered they were iiydro- 
t^ynnuH'S, a, h(‘ir/<ui(’: nucleus with a. (dl.j and (^3117 suhstituiio!i 
grou[) in t.h(i para- position. Morc^ ixsicait inv(\siigations liavc^, 
howc'.veiP, mo(Ufi(‘d this vicnv (‘onsidc'raljly. A full discussion of 
tluMi' (5onst-it ut.ion would be outside^ tlie scop<’i of tin’s wor k, but 
tlu’: following gcMHu-ally acc^epPal Forniiihe for the frinenes given 
as exa.m|)l(\s, as forming lh<^ most us(d’ul n^presentation of tlic 
constitution indieaXcnl by their* I’eactions :— 


Cl [3 

\ 

Oil /cri 

(iiU^ I / 

G 

Olio I OH 

\ I / 

NCH./ 


OH. 
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For a complete account of the constitution of the torpenes roforo 
should be made to a recent article by G. Dupont ^ and the works 
V4zes and Dupont ® and Heusler.® 

The chief terpenes occurring in the varioixs varieties of turponl 
are :— 



Sp. gr. 

Boiling 

point. 

liofrac- 

tivo 

index. 

Opt H‘al 
activity. 

Chief 

BOiirci! 

a-Piliene (Dex- 
tro-pineiie, or 
Australene) . 

(B-Pineno (Psevo- 
pinene, or 






0*858—0-800 

150—100=^ 

1*4055 

-H21 

Ainori(^ai 

turp<uiti 

terebentfieiio) 

0*858—0*800 

15G—160 

1*4055 

— 40 

h^reneh 

tiirponti 

Dipentene . 

0*845 

178 

T*47:U 

nil 

Kkmii 

Sylvestrene .... 

0*848 

170 

1*4757 

\ (H) 

HiiHHian 

turiHnit.i 


The resinous exudations from the different species of pine tn 
contain these and other terpenes in varying proportions in co 
bination with solid resins. The name luT'pentine was origina 
applied to such resinous exudations, which were collected a 
used as varnishes in their original state of semi-iluid sticiky mass 
The products from different trees were generally distinguished by 1 
district in which they were chiefly obtained, the ]n-incipa,l l)eing :• 

American turpentine—from the pines of Americ-.a. 

Strasbourg turpentine—from the white lir. 

Bordeaux turpentine—from tlio Freneli pincis. 

Venice turpentine—from the larch. 

Canada balsam—from the Canadian balsam pine. 

Copaiba—from the Copctif&ra of South America. 

In mediaeval times a crude method of distillation was employ 
in which this raw resin from the trees was placed in pithoi (t 
large earthenware jars used for storage of oil, wine, etc.); the mou 
of each pithos was covered by a sheepskin with the fleece si 
inwards. This apparatus was heated over the fire, when the va})o 
distilling from the resin was condensed in the sheepskin and suh,^ 
fiuently collected by wringing out the fleeee, a solid resin bei 
left in the vessel. 

From this primitive method, the separation of the crude .sen 
liquid resin into a volatile liquid and a solid resin developed into 
recognised industry. The solid resin became generally known 
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“ colophony ” or “ rosin ” and tho liquid portion was called " spirit 
of turpentine ” or “oil of turpentine.” This name is nowadays 
very generally contracted to “turpentine” and, popularly, con¬ 
tracted further to “ turps.” Ah the name “ olco-resin ” forms a 
convenietat dcHcriptivo term for tho natural product, it is a con¬ 
venient practice, and one which will ho adopted in this work, to 
use tho name turpentine as a generic term for tho volatile spirit 
obtained by distillation of tho oleo-resin from any species of pine. 

The compoHition of turjjcntino, which forms the most important 
solvent used in the paint industries, varies according to the par¬ 
ticular spechis of j)ine tree from which it is derived, hotli as regards 
tho proporl/ion of difTcvrent terpcjies and tho minor ingi’cdicnts which 
it contains. There are thus numerous varieties of turpentine, 
having tho samo genoi-al characteristics, but differing amongst 
themselves in their exact physical and chemical properties. 

Tho pine forests of one country usually consist entirely of one 
or two species of pine which differ from those in another country. 
Consequently tho different varieties of txxrpcntine are usually known 
by tho country of origin and it is convenient to follow this classifica¬ 
tion. Tho principal coxnitries prodxicing turpentine, with tho sources 
of their supply, arc :— 


(of origin. 


lTnii(Ml S<a,(<vs 


(^odiaxla. . 

(\^n(rul Anionca. 

Kra.n<'o . 

Spain .I 

(JnHMX) . 

liuHnia. and I'oland ... 

AlHiU'.o . 

(jlt)rinany . 

AuHlria . 

Ifiingary . 

Italy . 

India . 

J apan . 


Sourc(\s. 

JAingloaf pino 

Pinufi palu,sf)f.^ (or ftufi- 


frahfi) 

Loblolly pilH^ 

J*in7U! tccdu 

Piloli piiK^ 

Ptn ii.s' TKjida 

(^iban or slawh pino 

J*in car iboua 

Swamp pinc^ 

Pnvas cabenfiis 

Sliorl/loaf pin<^ 

Pniufi echiaata 

VVosl,(»rn yoillow pino 

'})()tHicro,s<i 

Spruco pino 

(jlahcd 

I )ougIaH lir 

1 o/,v H(j(L taXifol iit 

M('\ica,n j)nH'> 

Pin'loi ayacah icttc 

J\lan 1 inui [)mo 

l^inus ituir'ilhna (or 


(tfttcr) 

S})a.iUHli [)ino 

Pm HU iiiarili}}ict 

AU^ppo {)in<^ 

J halepc11sis 

Alopjio pmo 

P'lntfs h (ili ‘po is is 

S(U)t,oh fir 

Pi)Ills sylvcslris 

Si Ivor fir 

P'ltviis pice a 

So.oicdi fir 

J hn v/A‘ sylrcstns 

Jila(*.k pino 

Pi)ins laricio (f)r niyra) 


Piiiiis 2rH7)^iCio 

Stono pino 

J^mas pi7iea 

Cdiir pino 

Piri'iis longijolia 

Hluo pino 

Pintis cxcelsa 

Khania pino 

Pi7%7^s Ichasya 

JapanoHO black fir 

Pinus th'imhcrgii 
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It will be noticed that with the exception of India and Cana 
the British Empix'e is entirely dependent on foreign sources for 
very large quantities of turpentine consumed. Some time 
the Scottish Forestry Board investigated the possibility of est 
lishing the production of turpentine from the Scotch fir, but aJ 
exhaustive experiments came to the conclusion that the suppl^^ 
oleo-resin was too limited to render its production a commciM 
proposition. This is a matter for considerable regret in view of 
threatened shortage of American supplies. It is difiicult to beli< 
that with proper organisation the many districts in thin count 
particularly Scotland and Wales, where natural pine forests oce 
could not be developed in a similar manner to those in Franco, a 
a profitable industry created in otherwise barren districts. 

The method of cultivating the trees and collecting and gradi 
the oleo-resins belongs to the subject of resins rather than solvcj 
and will not be considered here. For infcjination on this subje 
the companion volume in this series (T. H. Barry and Jv. S. Morr 
—'' Resins, Natural and Synthetic should be consulted. 

The production of turpentine will be considered here to st-fi 
with the distillation of the crude resin. This division of tluj subje 
is rendered more natural by the fact that in xnany cases the turpenti 
is not distilled in the country of origin; largo quantities of ole 
resin are imported into this country for distillation, the pi’odu 
being sold as English distilled turpentine.’' 

During recent years large quantities of varieties o£ turpe^ntij 
have been produced which arc not extracted from th(^ 
as just described, but arc obtained by distilling tJie wood of tl 
tree. In America, the two are distinguished as Gum 
tine ” and Wood Turpentine ’’ respectively. Frcuicli authoritii' 
however, define turpentine as an essential oil extracted by stt‘a,j 
distillation, at a tempei'aturo below 180"^, from the oleo-rc^siu of tl 
living pine,^ and consider that the spirit extracted from Ihc woo 
is not a true turpentine and should be classed as '' j)inc s[)irits.'’ 

The production of tuipentine is an industry of considerabl 
dimensions- The consumption increased rax)idly towards the on 
of the nineteenth century and reached a maximum just ])rior t 
the war, when the world output of all grades apj)roxnnated i 
45 million gallons. There was a considerable reduction diu’irig th 
war, but in 1924 it had increased again to 42^1 million gallons, arr 
it is estimated that at the present rate of increase an output o 
50 million gallons will be required to supply the demand in th 
course of a few years. 
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Of this total, it is estimated that the United States supplies at 
least 05 j)or cent. The production there has reached the limit of 
the forests and the demand is steadily outstripping tho failing 
supply, a fact which is causing American producers to investigate 
scarchingly every means of conserving their supplies by scientific 
methods of increasing tho economy of prodtxction, schemes for 
airorcstation and tlio exploitation of additional sources of supply. 

Tho remaining 35 per cci\t. of tho supply is mainly filled from 
.Franco. Tho following is a recent cstimato of the relative production 
in the various countries, in barrels of 50 gallons :— 

United States . . 050,000 Greece . . . 15,000 

Franco , . . 3 30,000 India . . . 2,500 

iSpain . . . 50,000 Misccllancoxis . . 15,000 

Amcricmi Turpentine 

The chief source of this turpentine is the longleaf pine {Finns 
palustris), which is the most prolific species in the American forests, 
bxit practically every species of pine tree growing in large uniform 
tracts has now been examined and tho olco-resin from it tested to 
ascertain its suitability as a source of turpentine.^ Tho chief 
cc^ntres of turpeiitino production in the United States arc the 
Southern States, following the belt of the forests of longleaf pine 
along the Atlantic and Gulf coasts from Virginia to Texas, notably 
Virginia and (Jarolirui. In addition to this main area of production 
tho hugt^ res(u-ves of ])ino forests in other parts of America are 
now being (exploited. The principal outlying districts where the 
industry has been ostalxlishcd are the Pljilip 2 )ino Islands and 
JMexicu). 

Idle production of crude rosin from the ijino in tlio United 
Stales app(’:ars to have hecni started at tho close of tlio sixteenth 
century, although no reliable records arc available until about a 
hundred years later. According to these records ^ the raw resin 
gathered from tho trees was distilled in a crude and very wasteful 
manner by heating in open pans until all the volatile contents had 
been driven olT, tho residue being used as “ pitch ” for caulking 
shi 2 )S. The amoxnit of turpentine lost by those wasteful methods, 
adopted in tho days when the pine forests ax^peared to be 
inexhaustible, is incalculable. 

As the industry developed, tho open pans wore replaced by 
enclosed iron retorts and sxibsequcntly by the coxDper still with worm 
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condenser now used, wMch was introduced early in the ninetcent] 
century. 

This copper still or '' kettle ’’ has a capacity of from 400 t 
1000 gallons, the average size being about 7 ft. in height by 5 fi 
at its greatest diameter. The bottom is concave and the to] 
hemi-spherical with a circular aperture about 20 inches in diamctc 
to which is fitted a removable hood or '' goose-neck for carrying 
the vapours to the condensing worm. This latter is made of coppo 
tubing, tapering from 6 to 8 inches in diameter at the inlet con 
nected to the goose-neck to 3 inches at the outlet. It is abou 
140 ft. in length formed into a coil about 6 ft. in diameter by 7 ft 
high. The coil is fitted into a large wooden vat fed with a strean 
of cold water, the outlet of the worm being led through the side o 
the vat near the bottom and connected to receptacles for collecting 
the distillate. 

The kettle is filled to about three-quarters of its capacity witl 
the crude resin and the firing started. Distillation commence! 
when the mass reaches the temperature of boiling water. Th( 
distillate coming over first consists of a mixture of turpentine anc 
water, which is collected in an open vat, where the water is separ¬ 
ated by gravity, the turpentine, which floats on the top, being rur 
off from time to time into barrels. 

When the water present in the crude resin has all been driver 
off, a small continuous stream of water is introduced into the stil 
and the distillation continued until the yield falls below the economic 
limit. The water is then cut off, the fire drawn, tlie residual rosin 
run out and the still prepared for a further charge. 

The efficiency of the distillation depends on maintaining a 
proper balance between the heat supplied to the still and the amount 
of steam generated in it, so that the mixed steam and tiir])cntinc is 
carried over into the condenser at a uniform rate and the boiling 
mass is maintained at a steady level. If this is not propc'rly con¬ 
trolled there is excessive increase of volume, resulting in the con¬ 
tents of the still boiling over into the condenser with contamination 
of the turpentine and loss and danger of fire. As the water naturally 
present is eliminated the ebullition in the kettle gradually subsides 
and the volume of distillate reduces. The water is turned on at 
this stage and the firing is carefully controlled so as to maintain 
the proper balance of heat to convert the water and turpentine 
to vapour at a uniform rate. 

The effect aimed at is to keep the mass in the still in a state 
of steady ebullition so that the distillate runs in a steady stream 
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containing approximately equal proportions of water and turpen¬ 
tine. As the end-point is approached the proportion of turpentine 
falls off and the temperature is raised so as to sweep out the last 
traces before drawing the fire and discharging the still. 

The quality of the turpentine produced depends a great deal 
on the proper proportion of steam being distilled over with it to 
prevent the temperature inside the still rising too high with conse¬ 
quent partial decomposition and colouring of the distillate. This 
depends entirely on the judgment of the stillman, who as a rule 
works by rxilo of thumb, gaining his knowledge by experience 
handed down from father to son and being quite ignorant of 
technical principles. 

The px'oduction of tui'pcntine, in fact, is closely analogous to 
that of varnish-making, which was regarded until recently as a 
profound secret mainly because it depended on the accumulation 
of similar non-technical practical experience. In recent years, to 
continue the same analogy, these empirical methods have given 
way to more scientific control, based on investigation of the com¬ 
position of the raw material and the reactions which take place on 
its distillation. Just as in varnish-making, the use of high-tem¬ 
perature thermometers has replaced the judgment of the still 
operator. 

The first stops in this direction appear to have been made by 
Ur. Stephen Neal ^ who ixr 190G experimented at his own distilleries 
in Georgia on the use o£ thermometers in the still to control the 
distillation. Ho devised a special form of thermometer for the 
j)urposo, similar to that now used by varnish-makers, and worked 
out the temperatures to bo maintained at various stages of the 
operation. Since then scientific control has been steadily developed 
and a continuous and careful study made of tlie jxroccsses involved 
in the distillation, with great improvement, not only in the economy 
of production, but also in the quality of the product. 

In the initial stages of the operation the temperature is main¬ 
tained at 210'^ F.—the boiling point of a mixtxirc of turjxentinc and 
water. As the natural water in the resin becomes exhausted this 
is indicated by a rapid rise of temjxcraturo to 315"^ F., the average 
initial boiling y)oint of pure turpentine, technically known as the 
water j)oint.’’ If this rise of temperature is left unchecked the 
turpentine would come over coloured and unsaleable. 

When the temperature commences to rise in this way water 
is introduced and the stream so regulated that the temperature is 
allowed to fall until it reaches the “ holding point or temperature 
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which is known to be correct for the particular grade of resin boini 
distilled. The temperature is kept steady at this point by rcgiila 
tion of the water and fire so long as the stream of distillate remain 
constant. When it begins to diminish, indicating the approacl 
of the end-point, the temperature is allowed to rise again ver; 
slowly until it reaches 300° F. The water is then cut off, the ther 
mometer allowed to rise a further five degrees and the operation i 
complete. 

This method of distillation leaves nothing to guesswork an< 
is absolutely certain to produce uniform results of the highos 
quality and quantity. 

In order to obtain complete separation of the txxrpentino anc 
water so as to avoid loss of turpentine, and the presence o 
water in the finished product, which is highly objectionable 
an automatic separator is now utilised in the most progressive 
factories. This separator is adapted from that introduced in th< 
French system and operates on the principle of utilising the differ 
ence in the specific gravities. It consists of a tank divided int( 
several compartments. As the distillate from the condenser passe? 
into the first compartment the water is discharged at a constani 
level and the turpentine overflows into the succeeding compart 
ments, depositing in each any further traces of water that may b( 
carried over, until in the last compartment it is quite clear anc 
limpid and ready for storage. 

The development of these scientific methods of production ha? 
become a matter of great importance at the present time in vic‘.v 
of the imminent exhaustion of the supply of timber. If the oh 
wasteful methods had been continued much longer the forest? 
would have been exterminated by now. 

American turpentine consists mainly of dextro-pinene. It? 
optical rotation varies from + 8 to + 16 in different samples 
whereas pure pinene has a rotation of + 21. The difference is due 
to the fact that turpentine contains, mixed with the pinene, varying 
proportions of other inactive or loevorotatory terj)cncs, togcthei 
with small quantities of derivatives. 

According to Vavon it contains :— 

Dextro Pinene (australene) . . .72 per cent. 

Lsevo Pinene (tercbenthene) . .28 ,, 

Turpentine is a clear limpid liquid and when properly proi>ared 
should be perfectly colourless. Carelessness in preparation will 
result in^a distinctly coloured product, which sometimes finds its 
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way into the market. Some samples are also liable to develop 
colour on exposnro to sunlight.® In order to ensure uniformity 
in respect of colour definite standards have been agreed upon and 
specifications usiially require the turpentine to pass the standard 
as '' water white (sec Chapter IX). 

American turpentine has a pxnigent odour that is quite char¬ 
acteristic and serves for its ready identification. It is quite distinct 
from that of other solvents, and whilst the whole turjicntinc group 
have a smell of the same general character, the individtial products 
of dilToremt countries can be readily recognised by the variation in 
this property. This odour of txxrpentine is duo to an aldcliydic 
oxidation product which is present to the extent of about 1 per 
cent. This can be removed by treatment with sodium hydrogen 
sulphite solution, when the characteristic smell disapj^cars, but 
soon returns on exposure of the turpentine to the air.^ The smell 
of turpentine is not unpleasant in small quantity, but prolonged 
exposure to it is distinctly objectionable. Its eJffcot varies very 
greatly with different persons, some being rapidly affected with 
headache and sickness, whereas others suffer no inconvenience at 
all. It is this physiological action of turpentine vapour which is 
largely responsible for the popular objection to the smell of paint.” 
It may be said in ])assing that whilst the unpleasant efl’cets are by 
no means iiiiagiiuiry mid extreme eases of susceptibility have been 
known to oc'.cui* wheru definite', illness has bet'ii caused by the vapour, 
the eilcct is iu geaK'raJ merely tempoi-ary inconvenience during 
exposure. Painiej’s (U)nsiantly working with it soon acquire 
immunity and siilTta* no ill effects whatever from constant exposure 
to the va|)<)ur. The smell of turpentine was at one time regarded 
as the lull 1 mark of a good paint, i)ut wiiii the i*ccognition of the 
value of oilier tliimu'rs this is becoming less gcaicral. The author 
ha.s oven come a-e.ross cases in rx'.eont years where paints thinned 
with turpentine ha-v(‘ been definitc'Iy ('xcluded on account of the 
jxungency of the'. snu*ll comfian'd to tha.i of alk'rnativo solvents. 

Jieing a substance of complex composition, turpentine, in 
common with most other hydrocarbon solvents, lias a variable 
boiling j)oint. The rocogniseKl distillation range is from 150*^ to 
Those limits a,re fairly constant a.nd any marked variation 
indicates imj^iurity. The regularity of the fractions coming over 
between this range vary somewhat in different samples, but not 
to the same extent as the petroleum distillates. 

Turpentine is readily inflammable, burning with a smoky 
flame which deposits soot in largo flakes, a peculiar odour being 
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evolved during the burning. The flash point averages 96® F 
(35° C.), varying from 90° to 98° F. in different samples. 

When exposed to the air in a thin film turpentine evaporatci 
almost completely, leaving no stain if tested by the usual methoc 
of pouring a few drops on to clean filter-paper and allowing it t< 
stand for half an hour. 

If the test be carried out under more critical conditions, how 
ever, it will be found that the evaporation is not absolutcb 
complete, a slight trace of residue remaining. This is due to th( 
fact that during the evaporation in presence of a large excess o 
air a chemical reaction takes place. From the outline of th< 
chemistry of terpenes given above it is clear that they are un 
saturated compounds and in presence of air they absorb oxygoi 
with the formation of non-volatile resinous substances. Th( 
common experience that turpentine develops a sticky film on th< 
neck of a bottle in which it is kept for any length of time is du< 
to this action. This action is increased on warming and if tur 
pentine is exposed to warmth and light under conditions in whicl 
it cannot evaporate rapidly it increases in viscosity to the con* 
sistency of honey (see Fat Turpentine, p. 65). If tui^pcntine h 
evaporated under carefully controlled conditions it will bo fount 
that a definite residue is obtained. Coleman and BiJham,^^^ bj 
evaporating 17 gr. in a steam oven at 100°, obtained a residue oJ 
0‘1516 per cent. The amount will vary according to the length oJ 
time the turpentine has been stored. 

Apart from this polymerisation, the evaporation of turpentine 
is perfectly regular and uniform. Illingworth has described 
an experiment in which the evaporation was so conducted as t( 
approach as nearly as possible to the conditions existing during 
the drying of a painted surface. He exposed 200 c.c. in a trougli 
75 cm. by 30 cm. in area so that the film was 0*9 mm. thick. Tlii.- 
trough was kept level, and at intervals of an hour the spirit vvah 
poured off and its volume measured, the loss being obtained by 
subtraction from the initial volume. The time of draining tlic 
tray was always the same, and, in order to compensate for the 
trace of spirits still adhering to the tray, an addition was made 
to the reading of the residue, this addition being determined by 
the mean of several estimations of the loss experienced in at once 
pouring off 200 c.c. of spirit under the conditions used in the 
experiment. Another factor, determined upon the loss experienced 
in pouring off 100 c.c., was used when the residue was under 
100 c.c. 
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The results of those experiments are given in the form of a 
graph in which the curve is practically a straight line, showing 
that on evaporation the turpentine '' loses approximately the same 
amoxint per unit of time whether the interval he taken early or 
late in the experiment/' The evaporation is therefore perfectly 
xiniform and regular. 

Those evaporation properties of turpentine account for its 
great popularity and unique position as a thinner for paints, and 
more particxilarly for varnishes and enamels. The hardening of a 
varnish made witli tui'pentino is perfectly uniform because the 
turpentine evaporates uniformly and at the same time acts in 
conformity with the drying oil, inci’casing in viscosity by absorption 
of oxygen. There is considerable evidence for thinking that under 
the conditions which obtain in the drying of paints and varnishes 
the turpentine acts as a carrier of oxygen to the oil, absorbing 
oxygon from the air and giving it oE again in contact with the 
oil and thus facilitating the drying of the film. Any non-volatile 
residue formed during the evaporation becomes part of the film 
and acts in conformity with it, ultimately hardening to a solid 
resin by further polymerisation. This property of polymerising 
on drying is characteristic of the terpenc group of solvents and 
is shared only by the partially saturated hydrides of naphthalene 
described above (p. 4,‘i). 

The specific gravity of turpentine is fairly constant, ranging 
from 0'8G0 to 0-880, the average figure being 0-SG7. The variation 
is mainly clue to the extent to which polymerisation has taken 
place, and a high figure generally indicates a turpentine that has 
hocm stored for some considerable time. For commercial purposes 
the gravity is usually calculated as 8| lb. to the gallon. The 
refractive index at 20'' ranges from 1-400 to 1-478. 

Tho solvent jxowcr of turpentine exactly answers to the require¬ 
ments of a paint and varnisli thinner. That is to say, it dissolves 
readily all vegetable and mineral oils, but docs not dissolve the 
linoxyn formed by the drying of a paint film, so that a fresh coat 
of paint and varnish made with it can bo put on a previous coat 
after drying without bringing it up. It dissolves soft resins such 
as rosin, damar and Manilla, but only dissolves the copals and 
similar hard resins after they have been '' run ” and subsequently 
combined with oil. As a solvent for mineral waxes it is not quite 
so good as the coal tar hydrocarbons, but it forms a good solvent 
for animal and vegetable waxes and a solution of beeswax in 
turpentine is largely used as a furniture polish. As a solvent 


62 


Volatile Solvents and Thinners 


for rubber it is quite inadmissible, as its oxidising proportioe c 
rapid perishing of the rubber. 

Turpentine is practically insoluble in water, but water is so 
in it to a slight extent and it generally contains traces. It h 
soluble in glycerol, but mixes in all proportions with the m 
hydrio alcohols. A mixture of turpentine and methylated f 
will tolerate the addition of a small percentage of waic^r wit 
separation. The mutual solubility of turpentine aiul alcohol 
been worked out in detail by Vczes and Moulind^ it mixe 
all proportions with all other organic solvents. 

Turpentine, being an unsatui’ated body, is chemically ac 
If kept in an iron or steel container for any length of time 
metal will corrode, particularly along the surface of the lie 
which develops a reddish colour due to colloidal oxides of i 
This action can be i^revented by x^i^otccting the inner surfac? 
the container with a lacquer of shellac or syntludicj rc‘sin, 
storage in iron tanks so protected has given satisfaettory r(\s 
Zinc or galvanised-iron containers cannot bo used uuk\sH prot(v 
in the same way, as the exposed metal is aitaclaui with forma- 
of zinc salts, which give a turbid appearance to the turpemtine. 
most common practice is to use either tinned iron or wooden vch 
for storage- Owing to its acidity and oxidising action ttirp(^n 
has a destructive effect on fabrics and its use m conticction 's 
artists’ canvases, where extreme durability is essential, shoxik 
avoided. 

This power of oxidising on exposure to a.ir luis alrciady I 
referred to in connection with its behaviour on cva-j)oraiion. ' 
exact reactions which take place are oxocKidingly compk^x 
little understood. Similar reactions occur in turx)cntinc on sioi 
for any length of time; tlie viscosity increases, the specific graa 
and boiling point rise, whilst the optical activity dc^crcases. So 
times crystals of pinol hydrate (CioHgOa) may settle out o 
resinous deposit form consisting of polytcrpcncs. The acidity j 
increases on storage and the odour changes considerably, bccom 
less pleasant. These changes are principally duo to the grad 
conversion of the pinene, partly by oxidation and £)ai‘tly by c 
version into dipentene, limonene and other secondary terpen 
Kingzett and Woodcock have shown that this oxidation 
accompanied by production of material quantities of formic ac 
acetic acid and aldehydes. 

By agitation with hydrogen in presence of platinum hh 
turpentine can be hydrogenated to the saturated compound, 
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Tarpontino reacts vigorously with nitric acid to form various 
oxidation products. With concentrated nitric acid the reaction 
is so vigorous as to cause spontaneous combustion. 

Like other unsaturated compounds, it absorbs halogens readily; 
the reaction is also very vigorous and can take place with explosive 
violence. 

The absorption of iodine is utilised as a test for the purity of 
turpciitine in the same way as for oils. The iodine value recorded 
by diflorent observers varies considerably, from 282 to 880. This 
variation is, however, largely due to dih'ercnccs in the method of 
determination rather than to actual dificrcnccs in the turpentine, 
as has be<m shown by h]. M. Q?aylor.^''' On treatment with bleaching 
powder in prescticc of water tui'pontino can be largely converted 
into chloroform. 

Turpentixio also reacts witli sulphuric acid, polymerising to 
form terebeno and colophonc (C 20 H 32 ). As most of the substances, 
such as petroleum, used as adulterants for turpentine, are not 
acted upon by sulphuric acid, this reaction forms a useful method 
of determining the purity of turpentine. This test was first 
elaborated by Candlcss and has been adopted in most official 
specifications. The B.Iil.S.A. standard ])olynierisation tost is :— 

Forty c.c. of ccmcontratcd sulpliuric acid (1-84 sp. gr.) shall 
bo placed in a suitable graduated vess(d and the wliolc immersed 
in ic(‘d wa.ter. Ten of turj)eniino shall llien bo slowly added 
and gradually mixed with tljo acid, care being taken that tlic 
temperatures doc's not rise above GO^ C. (140^^ F.). When the 
mixtures no longei' waraiis up on shaking, tlic whole shall he 
thoroughly agita-ted and the vessel placed in a watcr-])ath and 
hoiilcd to* between GO'’ C. and 05" (j. (140 ‘ F. to 140" F.) for 10 
ininutc^s, the contents bedng thoroughly mixed by shaking vigorously 
live or six times during this ]K‘riod. ddie vessel should bo kept 
unstopfxered during this operation. 

The veHS(4 shall then be cooled to room temperature and allowed 
to stand for 12 hours. The residue shall be washed, the amount 
dc^termined and its refractive index taken.” 

jS'pecifications for Turpentine .—In this country turj)entine is in 
exactly the same position as regards specifications as white spiidt. 
The existing B.E.S.A. specification (X. 21 , dated July 1921) contains 
the following provisions :— 

Description .—Of good colour, free from water and other 
visible impurities. 
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Residue on Evaporation.—'Not more than 2 per cent, 
weight. 

Specific Gravity. —0-860 to 0-880 at 15°. 

Flash Point.—Not less than 90° F. 

Distillation Range .—Initial boiling point 150° : not less th 
90 per cent, below 175°. 

Refractive Index. —1*468 to 1*478 at 20°. 

Polymerisation Residue .—^Not more than 6 per cent., witl 
refractive index not less than 1*500. 

U.S. Bur. Stand. Specification is framed to cover both gun 
turpentine and wood turpentine. The roquirements ai'o :— 

Appearance .—Shall be clear and free from suspended mat 
and water. 

Colour .—Shall be standard ’’ or better (see Chapter IX). 

Odour .—Shall be characteristic of the variety of turpent 
specified and, if desired, shall conform to the odour of the sam 
agreed upon. 



Maximum. 

Mitiimum 

Specific gravity, 15*5/15*5® . 

0*875 


Refractive index at 20® . 

l-47« 

I'4(i8 

Residue after polymerisation witli 38iV-H2S04 . 
Gum spirits— 

2*0 


Volume (per cent.) . 

- 

Refractive index at 20° . 

— 

1*500 

Wood turpentine— 

2*5 


Volume (per cent.) . 

— 

Refractive index at 20° . 

— 

1*405 

Initial boiling point at 760 mm. pressure. 

160® C. 

150® C. 

Distilling below 170® at 760 mm. prossuro (per 


90 

cent.) . 



The original specification contains detailed instructions for (iarry 
out these tests. 

This specification is identical in all technical points with that 
the American Society for Testing Materials. The Specification 
the United States Navy is closely similar, the main difTercncc be 
that a Flash Point not below 34° C. (93° F.) is specified in additi' 

As turpentine is produced in comparatively small quantil 
by a large number of firms in different districts, and the i 
material varies in composition from time to time, it is liable^ 
variations in quality which do not indicate adulteration, and 
the United States qualities which do not come up to the Standi 
Specification are recognised as low-grade pure turpentine. 

The classification of grades proposed by Veitch and Denk is 
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Polymorisa- 
tioix Residue 
per cont. 

Sp. gr. 

Refractive 

index. 

Distillation 

range. 

Siandai'd. 

1 

0-862—0-870 

1.468—1*476 

95% below 

No. 2 . 

1 

0-862—0-876 

1-468—1*480 

90% below 
170° 

No. 3 . 

1 

0-865—0-880 

1-468—1*485 

60% below 
170° 


JRectified Oil of Turpentine. —This is a purified turpentine, pre¬ 
pared by treating it with an alkali to saturate the free acids and 
redistilling with steam, Jobson^^ prepares this by agitation of 
the turpentine with a solution of sodium hypochlorite for 1 hour, 
followed by distillation with live steam. 

Fat Turpentine. —If turpentine is kept at a temperature of about 
80"^ or is exposed for a considerable period to air and sunlight it 
undergoes a gradual combined process of oxidation and poly¬ 
merisation, ultimately changing into a liquid of syrupy consistency. 
This was used formerly by artists and is still employed to a small 
extent as a medium in pottery and glass painting and in certain 
photographic processes. 

Oxidised Turpentine. —In the manufacture of synthetic camphor, 
pineno is extracted from turpentine, and the residue containing 
the other tcrpencs mixed with various chlorine derivatives is left 
as a by-product and used under this name. It resembles Pino 
Oil, but has a higher boiling point and slower evaporation. 

Terebene is a mixture of dipentene and other hydrocarbons 
prepared by mixing turpentine with sulphuric acid and shaking. 
The treatment is repeated until the turpentine is optically inactive, 
and the product is then steam distilled. 

It is a colourless liquid of characteristic odour, of the same 
general character as turpentine, slightly soluble in water. The 
boiling point should apj)roximatc to ICO"^, but ranges from 156^ 
to 180‘^, and the specific gravity at 15” ranges from 0*862 to 0*866. 
When freshly prcpax'cd it is quite neutral, but on exposure to light 
and air it changes in a similar manner to turpentine, becoming 
acid, acquiring a yellow colour, and gradually rcsinifying, forming 
a sticky deposit on the neck of the bottle in which it is kept. 

French Turpentine. 

Turpentine is produced in Prance from the maritime pine 
{Pinna maritima)^ which is found mainly in the sandy regions 

5 
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along the S.W. coant hordcTing the Oulf of fhiHc.oyno, a dint 
known an tlie LaiidcH. The (exploitation of thene pin<% fortsst: 
of comparativ(‘ly r<^c‘(ent date—until about a hundn^d yearn 
the r<egion in whic^h thesy now grow wan a ha-nx^n inarnhy ti 
practi(xdly uninluthited. TIk^ pinc\s were hrnt planted with 
object of holding bacik ihes Hand from encu’oaehing on tlu^ la 
and it wan not until 1857 that the drainage of tlai! land renul 
hi the (complete alTorentatiou of tliiB district- 

It wart only when the world's Hujjply of turpcnitiiu^ arid r< 
wart withheld during thc^ American Civil War that tlie poBrtihili 
of the Landert dintrict an a Hourco of turpentine were appreciatinl i 
the neccHrtary impeturt wart given to dewelop the prenont magnhUt 
forc^rttH. Although it in therefore much moix^ recent than 
Americjan indurttry, the*’- Fnmch turpcuitino induntry, having hi 
dovelo])ed on rtcientihe liiu^s from the first, hart reached a nn 
highiu' states of (*nieien<^y. 

Tlu^ outstanding features of tlu^ industry an^ the sysPnnr 
planting of ilie tree's a-ud the working of tlu'm in seetions so t! 
the supply is continuous and tlu're. is no wast-i^ or di'stniciion 
the forest. ^The p(wmaiK*iH*.y of the supply is sahguurcU'd hy ” 
systematiti replanting of tlu^ fon^sts in proportion as the trees 
or are hUUxL 

Tlu^ ix'sin is ('.olh'epxl in a similarly systcunatic'. and <H*,onomi 
manner aiid brought to the works for distillation. 'Jlicuxs i 
alami 120 distilhunt's in th(' ljand(\s disia-ict; ihear nudhods 
opc'raiion vary somc'wha-t, tlu' ])rin(apal proeessc's ('m])i()> 
Ixdng 

1 . dlu' {)riniit.iV(' nu't.hod, (anploycal hy tlu' ohh'st wor 

(consists of simply lu'at.ing tlu^ ttriuh'! r(\sin ovc'r an opcai 1 
in a. ma.mua' similar to (airly pra.('t.i('(' (h'Sia-ilxxl unc 

Anua'icain t-urpcailine. 

2 . Hi<‘am distillation, d'lu' iiu*p(ait-nu' in this pnxa'ss 
distilkxl olT hy nuains of high"j)r(‘ssur(^ sp'ajtn in a. main 
similar to that practisc'd in Anu'rica. 

3. Vacuum distillation. This is a modtTU modHieati<m 
the stcxim distillation process, in whic^h, in fihux' of sk'am un< 
pressure, vvatc^r is added to the ixasin and laaited under rcxlue 
pressure. 

The turpentine is collected from the still into reservoirs a; 
distributed in. tank wagons. The yield obtained from the ok 
rosin is :— 
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Turpentine .... 16 —20 per cent. 

I^esin.66—75 

Other products . . . 5 _ 10 

The annual output of French turpentine, prior to the war, was 
about 20,000 tons. About 50 per cent, of this output was used in 
the country, the remainder being exported, chiefly to Germany, 
England, Switzerland and Austria. 

The production in recent years is given by V^zes and Dupont 
as follows :— 

1914. . 19,000 metric tons 1918 . 20,000 metric tons 

1916 . . 15,000 „ 1919 . 26,000 

1916 . . 17,000 „ 1920 . 36,000 

1917 . . 17,000 

The scarcity of turpentine, and consequent high prices ruling 
in recent years, has resulted in steadily increased output by intensive 
culture. At the present time the bulk of the product is used in 
France, the surplus available for export being about 17,000 tons. 
Most of this is absorbed on the Continent and very little French 
turpentine is used in this country. On this account only a brief 
sumrnary of its technology lias been given here, but it should be 
mentioned that the French turpentine industi'y has formed the 
subject of the most exhaustive technical study, which is embodied 
in the monumental works of Vdzes and Dupont,^** which should 
bo consulted for detailed information. 

French turpentine is closely parallel to American in composi¬ 
tion and properties, but differs in details. On account of the highly 
organised method of i>roduction it is more constant in its propor¬ 
tions and less liable to variation. Like American tui'pentine, its 
main constituents aro lajvo- and dextro-pinenc, but the proportion 
is different, the laovo predominating. 

According to Vavon the proportions arc :— 

Liovo-pinone.63 per cent. 

Dextro-pinenc . . . .37 

On this account French is distinguished from American turpentine 
in rotating the plane of polarised light to the left, the amount 
varying from 18° to 40°. 
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Tiio principal i)hyBical constants arc:— 


Boiling range . 
Specillc gravity 
Bc'ifraciivo index 
'Flask point 


155—170° 
0-857—0-872 
1-408—1-478 
86—90° F. 


The odour of Frcuick turpentine is loss pungent and more ploasar 
than that of American and sufficiently different in character t 
render it easy to differentiate between the two. In all othc 
properties and in its general clxcmical reactions French is identicj 
with Anuuican turpentine, and as a solvent it is practicall 
equivalent. 


Indian Turpentine, 

IJoth turpentine and rosin have been produced in India on 
small scale for many years. The chief source of the olco-roain i 
the Ohir pine {Pinas lotujifolia). Smaller quautiiios arc derive 
from the blue j>ino {P. exedsa) and tlic Ivhasxa pitio {P. Khasya 
''Fhc turpentine is (extracted at two dLstilJc^rics, one in the Punja 
and tlio other in the United Provinces. The amount produced i 
steadily incrtuising, hut it docs not yet cover the rcquircmiont 
of the country, ‘‘rhe^ dovcilopmcnts possible arc very considei 
a.bl(^ as there a.re huge areas of Cliir pine forests available fc 
exploita-iioti. 

Acesording to a n^cent estimate the total areas occupied b 
rc^sin-yieldiiig piiuss are :— 


Pinas longijolia 

3,300 Hq. miles 

,, Khasijd 

. 1,800 

,, JMcrkasii 

. 1,200 

,, excel sa 

200 

,, (Icrardiana . 

100 

Total . 

(),60() sq. miles 

Of this only alxnit 200 sq. miles 

have been exploited 

jxresout, and it is estimated that 

the possible annual productioj 


of turpentine is 2 million gallons. 

The first investigations on the production of turpentine tool 
place about 1800 and operations were started in 1890,the proceSi 
being based on the French system of production, which has beci 

i 

I 
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modified from time to time to suit local conditions. The output 
in 1903 was 125 tons, which has steadily risen to approximately 
1,000 tons in 1922—23. The industry is entirely worked under 
Government control. 

The chief difficulty experienced in expansion of the industry 
is that of transport of the raw material to the distillery, which 
in many cases has to be located some hundred miles or so from the 
source of supply and along very indifferent roads. 

On arrival at the factory the oleo~resin is placed in a vat and 
melted by steam and allowed to stand, when the water, dirt and 
other impurities sinl?: to the bottom and the clean oleo-resin is 
drawn off into storage tanks, from which the still is fed. In order 
to ensure the efficiency of this clarifying operation the melted 
resin is generally thinned with a little turpentine from a previous 
distillation. This lowers the viscosity and specific gravity and 
ensures a thorough settlement of the water and dirt. If this is 
not done the specific gravity of the melt approximates to that of 
water so closely that it is difficult to obtain a complete separation. 
The still in general use is a steam-jacketed cylinder which can be 
maintained at any desired temperature by regulating the pressure 
of the steam. The still having been charged with oleo-resin steam 
is injected into it and the turpentine and water vapour coming 
over pass through a trap still, to separate out any resin that may 
be blown over, into a condenser. The mixture of turj^entine and 
water from the condenser is passed into a mechanical separator 
and the crude turpentine obtained is re-distilled and passed through 
lime water to I’emove any traces of abiotic acids. The last traces 
of water are removed by tanking. 

The average yield from the crude oleo-resin is :— 


Turpentine 

Kesin 

Dirt and impurities . 
Water 


20 per cent. 


70 

3 

7 


5 > 
J ■> 


The composition of this turpentine differs from American, the 
principal constituent being a terpene hitherto unknown, which 
has been named Longifolene, related to sylvestrene, but differing 
from it in properties. According to the report published by the 
Imperial Institute this constituent is present to the extent of 60 per 
cent-, the remainder being chiefly laovo-pinene. The later exhaustive 
work of J. L. Simonsen has shown that Isevo- and dextro-pinene 
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arc the principal constitnentH and that there arc two new terpone 
associated with them.— 


<^|[-Caren(S boiling point . . . 108"^—109® 

Longifolcne „ . . * 254®—256® 


Tlio proportionB in which these arc present arc, according to Gibsoi 
and ►SmythicH ;~ 


d-PinOfXO 
ri-Carono 
Longifolcne 
Residue and loss 


►0*8 per cent. 
4-8 


l^'ho distillation I'angc is from 105® to 175®. The following givei 
tlio mean of five samples exaiitiincd at tlio Imperial Institute :— 


Up to 105“ 
105“~ 170“ 
170 -.^ 475 “ 
Over 175“ 
Rt^sidue 


1 per cent. 


50 




20 

9 


j •) 

5 J 


5 


j j 


If the (Ustillation is not carefully condtictcd the end-point is highoi 
still, <‘.onstitu(uiiH from the resin coming over with a boiling poini 
above 175“. (Jn^ut can^ is theueforo taken to ensures a slow am 
sb^ady distillation and to stop it Ixdore these highd>oiIing fraction 
lu^gin to eomc! ov(‘r. In ordcs- to (uisure the complete rcunova' 
of such fractions tlu'i turpeud-inc’' is re-distilled a.nd separated intf 
thnx^ gra,d('S. ’’Flu^ first gra,de is sjKxuhcxl a<s 90 per cent, iiiulei 
I70“, sp<xuti<‘. gravity ()*8r)5 and an (vaporation residue undei 
I p(u- (uait. 


Indian tairiKsitiiu^ has a ratlier slower evaporation rat-o than 
Anuuac'an a,nd oxi<iis(\s more rapidly. The relative residue left on 
slow evaporation in ojxui dishes is :— 


Indian.1-25 

Anuuaeau ..... 0-25 


The solvent pow(u% according to experiments carried out at the 
Imperial Institut<s-‘"^ is not so gre^at as that of American turpentine. 
These data apply to the (^hir pine turpentine, which is the principal 
product. 1 ''hat derived from the Pinvs excelsa is sxxi>erior in quality, 
having a lower boiling point (157®—160®) and a more pleasant 
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odour. It is, in fact, practically identical witk the American 
article, consisting almost entirely of dextro-pinene. 

Spanish Turpentine, 

The production of turpentine in Spain amounts on an average 
to 6,000 tons per annum, of which about 4,000 tons are exported. 
The industry has been carried on in a very primitive manner as a 
peasant industry from a remote period. The first distillery appears 
to have been erected in 1848, but proved a failure owing to the 
difficulty of transport and the conservatism of the peasants, 
and until 1862 the pine forests were practically untouched. In 
that year a distillery was started at the instigation of two French¬ 
men, Messrs. Falcon Bros.who introduced the system of 
collecting the gum in vogue in the Landes and later developed 
the steam system of distillation. Other factories soon followed 
and an industry was developed, but owing to French competition 
and ruinous price-cutting it was almost brought to a standstill 
in 1879. This resulted in a gradual consolidation of the whole 
industry, with the result that in 1898 it had become a practical 
monopoly of one syndicate with a capital approximating £1,000,000, 
controlling all the distilleries. 

The pitch pine from which the turpentine is derived is not 
worked in one area as in France, but is scattered all over the countiy. 
The best forests arc found in the centre of Spain near Madrid. 

The resin, which is collected under the French system, is very 
rich in turpentine and the distillation is effected in a similar manner 
to the French, some working on the mixed system, some by steam 
distillation and some the vacuum process. The turpentine is well 
distilled and is practically equivalent to the French product. 


Minor Sources of Turpentine. 

Greek Turpentine .—This is obtained from the Alepj^o pine 
{Pinus halepensis), the gum from which yields approximately 
20 per cent, turps and 70 per cent, rosin. The turpentine in this 
country is also a by-product of the wine industry, the raw resin 
being dissolved in the wines of the country to form “ resinato.” 
Much of the turpentine is not distilled from the crude resin but 
from the wine dregs. It has the following physical data :— 

Specific gravity .... 0-855—0-863 

Optical activity . . . . + 38°—41° 
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Greek tiirpeiitino has a very ]>loasant vmons odour. The 
average outinit in 14,000 cankn of 50 gallons, about 3,000 tons. 

Portuguem Twpeyaine,—Tim is produced on the French system, 
anmud production being about 2,000 tons. 

Algmayi Tvrpe,ia>ine .—Recently the production of turpentine 
has Ihhui <unnm(nie(^<l on an expcrimcnital scale by the French 
Byntenn Thu principal tree here is the Aleppo pine, of which 
them are sorao 7 million acres. There is also a small industry 
under Freiudi control in Corsica, where the (Jorsican pine and the 
maritime pine grow to about an c^qual extent. 

(Jermayi. 7^vrperytive.—It is strange that the extensive pine 
woocIb of Germany do not appear to have been exploited for tur- 
pcuiiim^ until the stoppage of outside supplies by the war forced 
ai^tmiiion to domestic suppliers. The industry was started in 1010 , 
modified on the most advanced American methods, and had 
<l(na*loped an annual output of 5,000 tons by lOlB.^^ 

7 Hie centre of the industry is in Southern 

Austria, wheun^ <‘xttnisiv(^ forests of the JUack Pine (Plyiif.^ laricio) 
are fourul. ''hhe^ turpentiiu^ pnxluc^ed cdosely ivsembles the Spatiish 
produc't; it is hevo-rotatory (30'—30^), with a specific gravity of 
0-8(53—n-H07 and a n^fractivc iiuh^x of 1-460. According to Dupont 
and Barratid it has the conxjxxsition :— 

PiiHuu' . .... .90 per cent. 

lAnunicuv ..... 3 ,, 

S(^s(put('rp<ul<‘s . . . I ,, 

()xi(iati(>n products . . . 2 ,, 

JdjHiNvse Purpentiyie .— ’'PIh’i Ja,[)an(‘Hc black fir is utilis(xl to a 
smali (‘xttuif. to preduec^. t.urjKuitiiu', but at present th (3 industry 
is unorgariisiMl and product poor in cpiality. 

A Vierican Wood Turpeytlin e. 

This nauK" is g(ui(U'alIy applicxl to the variety of turpentine 
obiain<xl in Am(u*iea. by extrac^tion of tlu‘ stumps of tlui j)ino trees 
left in t.h(^ grouiul wluui the original forests wore cleared for timber. 
Wheui a pine tnx*! bills down or is f(4Ied, and is allowcxl to lie on 
th<^. grotind and rot, the resinous portions of the wood aro com- 
p^iratively durables xitid remain intact for long periods of time aftca* 
the li^ss n^sinous portions, particularly the sa])wood, have decayed 
and disappeared. iBtumps left in the ground decay in the same 
manner, and it is these residuals of resinous wood—natural con- 
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centrates, as one may term them—which are collected under the 
name of lightwood/’ '' fat wood ’’ and pine knots ’’ and utilised 
in the production of wood turpentine. 

The first attempt to utilise this waste pine timber as a source 
of turpentine dates back to the middle of the nineteenth century. 
The first to carry out the distillation of the wood on a commercial 
basis appears to have been James Stanley, who erected a small 
plant in 1872 in North Carolina.^^ His process was not, however, 
a great success, the product being more in the nature of creosote 
than turpentine; and it was not until about 1900 that wood 
turpentine began to attain industrial importance.It has only 
been by a process of trial and error, and by the gradual accumulation 
of experience at the cost of many expensive failures, that the 
production of a satisfactory article has been established on a 
commercially successful basis. 

When these stumps were first utilised as a source of turpentine 
they were subjected to destructive distillation, which produced a 
very inferior turpentine of bad colour and smell and contaminated 
with methyl alcohol and acetic acid; a product, in fact, which 
was not really turpentine but more of the nature of tar spirit. 
Wood turpentine is still produced to some extent by this destructive 
distillation process. The process is closely parallel to that of the 
distillation of hard woods in the production of wood spirit, etc. (see 
p. 88), the wood being loaded into retorts the design of which 
is a modification of those used in Europe. In conducting the 
process it is imj)ortant that the temjDcraturc of the retort should 
not rise above 200° until all the turpentine has been extracted 
from the wood, otherwise it becomes contaminated with other 
products from which it cannot be readily purified. The distillate 
which comes from the condenser is a brown liquor of complex 
composition which is purified by re-distillation. 

In addition to the wood turpentine, this destructive distillation 
process yields a number of other products—wood 
tar and in some cases wood alcohol, acetate of lime and creosote. 
The most modern retorts arc constructed of rc-inforced concrete 
fired internally, the heat from the fire being conveyed by means 
of cast-iron flues. Perkin describes an electrically heated retort 
which is used in Vancouver. 

Wood turpentine prepared by destructive distillation cannot 
be obtained perfectly free from by-products, and therefore possesses 
properties different from other turpentines and should be classed 
with the tar spirits. 
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Although the advantage of distillation with steam to produ 
a more satisfactory product had been recognised for many yea: 
the praci.ical dilficulty encoxxntcrod was that of obtaining a sat 
factory yield, as it was difficult to secure penetration of the wo- 
by the ste^am in order to extract the turpentine. It was not un 
this was overcome by the evolution of machinery for roducr 
the wood to the state of coarse powder that steam distillate 
bcKiame a practical success. According to J. B. Lockwood®^ t 
first steam distillation plant to operate successfully was put i 
on the Mississippi in 1909. In this process, which is now rapid 
superseding dry distillation, the wood, previously I’cduced to smj 
chips, is fed into an extractor and distilled with steam in a simil 
manner to the oleo-resin. 

This simple steam distillation process produces the best gra< 
of turpentine, but the yi(dd is not economical. The most mode: 
plants employ a modification of this process in which the powder< 
wood is first subjected to live steam in a digestor to extract tl 
turpentine atid pine oil and then boiled with petroleum spirit 
disHolv(^ out the rc^sin. 'lliis extraction is carried out in serk 
each charge of wood after steaming being washed with sever 
charges of solvent on the multiple extraction system. After tl 
cxti'action is completed the charge is finally steam distilled i 
recover the solvent. 

Tiu^ operation of the steam distillation process, although appa 
ontly simple, re(}uires considerable skill and cxpcri(uice to j)rodu< 
a uniformly satisfactory product. The more carefully it is coi 
ductc‘d ilu^ mon^ closc^ly does tlui product appi'oxiniato to tin 
obta.iu(Hl from the ol(M)-r<\sin. Slow and I'cgular distillation at 
low tcuufxtratnn^ is esscmtial in order to obtain the maximum contci 
of original pinen(\ lla,pid distillation results in the conversioii < 
the t(a'j)<ai(\s with excessive formation of dij)cntene. The detai 
of devsign arid operation of the plant vary considerably in dilTcrei 
works, and acjcording to the process and the quality of wood use 
the yield of turpentine varies from 4 to 8 gallons per ton ( 
wood. 

In the fifteen years or so that wood turpentine has been on tli 
mark€‘:t the x>J'<>ductdon has steadily increased and it is estimate 
that to-day it approximates to 10 per cent, of the total output c 
turi)cntine. As a general rule the wood turpentine distillcric 
arc more modern in design and equipment and work on a muc 
larger scale than the oleo-resin distilleries, and arc conscquentl 
able to produce a more standardised and uniform product. 
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It is claimed that as the forests available for the production 
of oleo-resin become depleted the wood-distilled product will 
eventually become the predominant supply of American turpentine. 

As now prepared by the steam distillation process wood turpen¬ 
tine is closely similar to ordinary American turpentine, the main 
difference between the two being that the wood turpentine contains 
a ipaterial proportion of dipentene and a proportion of limonene 
and terpinene. This gives it a smell quite distinct from that of 
ordinary turpentine, but has the advantage of increasing its solvent 
power.®^ Dipentene has double the number of unsaturated atoms 
in the molecule to pinene and therefore acts more vigorously as an 
oxygen carrier. 

The physical data are as follows :— 

Colour .... Water white and perfectly clear 
Specific gravity . . . 0-860—0-863 

Initial boiling point . . 150*^—153° 

Distillation range . . 90 per cent, below 170° 

Flash point . . . 34°—36° 

Refractive index . . 1-4668—1-4694 at 20° 

Polymerisation residue . 3—4 per cent. 

Iodine value . . . 282—352 

The following analysis of an individual sample is given by 
Sherwood :— 


Initial boiling point .... 151° 

Percentage distilled below 170° . . 90-5 

Residue on polymerisation . . .1 per cent. 

Specific gravity at 15° . , . . 0-865 

Flash point ...... 34° 

Refractive index ..... 1-469 


It will be seen that these constants differ from those of ordinary 
American turpentine. The difference is quite characteristic of 
wood turpentine, being mainly due to the partial replacement of 
pinene by the higher boiling dipentene. The high boiling point 
must be distinguished from that of a badly prepared “ gum ’’ 
turpentine containing high fractions of oxidised resin oils. Apart 
from this difference in physical properties and the slight difference 
in smell there is nothing to distinguish wood turpentine made by 
the steam distillation process from that distilled from the oleo-resin. 
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Pulp Turpentine, 

A further variety of turpentine m obtained in America as 
by-product in the preparation of wood pulp by treatment wit 
alkaln^H. The pulp is Ixnlcd with a mixttiro of caustic soda, sodiur 
Buiphid<^, sodium c*.arbonate and Bodium sulphate. A vapoxir come 
over with the steam during the boiling which contains turi)entm 
mixed with va.rk>us other organic compounds. The turi)cntino ha 
a bad smell owing to the presence of morcaptans and other sulphu 
clerivativos. 

According to B. K. Armotir this turpentine (tan bo free- 
entirely from thc^ mercai)tans and other impurities and convcrtc- 
into a product equal in all respects to genuine American turpentine 
His process consists essentially in treating the crude turpentin 
with tint hypochlorite of an alkaline earth in combination wit 
wat(ir '' under non-a<tid conditions.” By this means all the im 
purities are rendered inodorous or separated out so as to be readil 
nunovecl by mechanical nma-ns. 


French Wood T^urpeMhie or Pvne Spirit, 

The development of the wood turpentine industry in Amcric 
and tlui high pric<^ nding for turpentine have encoxiragcd investigatioi 
on th(^ possibility of suppkuruuiting the supply of French txirj>entin 
from the maritime pine by distillation of the wood as well a 
(‘.xiraedion from the ol(‘o-r(\sin. Iuv(‘stigations by Michel Jaflard 
Hhow(‘(l that tlH*! resi<lu(‘. of iXNsin kdt in the wood a.fka* colk'ctioi 
of tlu^ ol(M)-n\sin (‘oini>ar(‘d fa-vourably with that of the longlea 
piiu'. Th(^ nia.t(.<‘r ha.s Ix'cai fully invcNstigatcd iu tlie laboratorie 
of the Institiit du Pin 1)V l)ujH>ut a-ud Micha-ud.'^-^ As in America 
th(’> ma.iu eoiuxuil ration of resin li(‘S in the stumps of old tree 
whi(di hav<^ Ixxui k'ft in ilu^ ground to decay for some years. 

By distillation of th(\M(^ stumps witfi siemm, Bupont and Micham 
obiairuHl a. prodiu-t whi<di on fractionation yieddod approximai(‘k 
30 p(u* (;ent. of i)ine oil and 70 per cent, of a spirit which closcb 
ivsemhles l^’rcneJi turpentine, but differs from it in a simihir maiino 
to tlu^ diir<u*eiu‘e Ix^weeu American wood turpcniiiu^ and gum ’ 
turpeniiiK^ hi vkvw of the differemee in composition it is con 
sidcred that this prodiud* cannot be rc^garded as equivalent t< 
Frcuich turpentine, particularly for chemical and medical purposes 
and it is suggosted that it Bhould bo distinguished l)y the naim 
pine spirit {esprit de pin). 
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Russian Turpentine, 

Russian turpentine (sometimes known as Polish, Swedish or 
Finnish turpentine) is obtained from the Scotch fir {Pinus sylvestris), 
immense forests of which are found in Russia, Poland, Finland 
and Scandinavia. The production is now practically at a standstill, 
although before the war the annual production was about 4,000 tons, 
xxidht of which was exported in the crude state and refined in this 
country. The chief centres of production are Archangel, Poland, 
Lithixania and the Kazan district. 

The industry appears to have been started about 50 years ago, 
mainly as the result of the initiative of an Englishman who formed 
a local company to organise the export of turpentine to England 
to take the place of American turpentine, which was scarce at that 
time. In 1873 it had developed to the extent of exporting 150 tons 
of crude resin. Just prior to the war strenuous efforts were being 
made to establish the industry on more efficient and economical 
lines. 

Russian turpentine is produced entirely by destructive distilla¬ 
tion of the wood and is characterised by an extremely pungent 
and penetrating odour, which produces unpleasant effects on the user. 
This odour is extremely difficult to get rid of, although Perkin 
claims that properly refined Russian turpentine cannot be detected 
from American by the smell. It is a question, however, whether such 
efficient refining can bo carried out as a commercial proposition 
on account of the cost of the process and the loss involved. The 
more rational plan of improving it would be to improve the method 
of production, as has been adopted in America, so as to avoid these 
undesirable by-])rodiicts. A still better plan would be to develop 
the production of tui*pontine from the oleo-resin. 

There is an unlimited supply of untouched x>me forest awaiting 
exploitation, and there seems little doubt that once the country 
has developed a stable government the turpentine industry could 
bo established in Russia to produce enormous quantities of turpentine 
equal in quality to American or French. 

The composition of Russian turpentine is complex and variable. 
The principal constituent is the secondary terpene, Sylvestrene, 
which is present to the extent of about 70 per cent. Dextro-pinene 
forms from 10 to 15 per cent, and there is a similar proportion of 
cymol, the balance being small quantities of creosote and hydro¬ 
carbons of high boiling point. 

Sylvestrene has a very high positive optical rotation. Russian 
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turpentine accordingly has a higher optical activity than any 
other turpentine, ranging up to + 24. 

Russian turpentine is rarely obtained water-white like true 
turpentine, but generally has a decided straw colour which deepens 
on storage, particularly if exposed to light. It evaporates rather 
naore slowly than American wood turpentine and leaves a high 
percentage of residue. It absorbs oxygen more freely than true 
turpentine and rapidly increases in viscosity on standing. I’he 


physical properties are :— 


Boiling range 

. 160°—180° 

Specific gravity 

. 0-862—0-875 

Flash point ^ 

. 95°—100° F. 

Refractive index 

. 1-476 

Tar Spirit. 


If the crude tar obtained by the destructive distillation of 
wood is re-distilled, a volatile spirit is obtained which is employed 
to some extent as a solvent. The principal source is Stockholm 
tar, and a similar product is obtained as a by-product in the pro¬ 
duction of wood turpentine by the destructive distillation process. 
When freshly prepared, tar spirit is a light straw colour, but it 
gradually darkens on exposure to light, ultimately turning to a 
dark brown and viscous liquid. 

It has a mild but penetrating odour of creosote and is extremely 
complex in composition, containing terpenes, creosote, acetone 
and various phenolic bodies. The physical constants are very 
variable, but the boiling range usually runs from 160° to 270° and 
the specific gravity from 0*9 to 1-0. 

It evaporates rather slowly and leaves a slight non-volatile 
residue, on account of which the odour persists for a long time. 
It is, in fact, closely allied to Russian turpentine, ■wliich is some¬ 
times sold as tar spirit. In France these wood distillation products 
are classified thus :— 

Fraction boiling below 150° . . . Wood benzine 

Fraction boiling between 150° and 180° . Pine tar spirit 

Fraction boiling above 180° . . . Pine tar oil 

On account of its content of ketones tar spirit has a strong solvent 
power and is useful for the preparation of black stoving varnishes, 
being a good solvent for pitches. 
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Pine Oil, 

Pine oil is a by-product of the wood turpentine industry of 
comparatively recent introduction. It comes over with the dis¬ 
tillate in the production of turpentine by the steam distillation 
of the pine wood and is separated from it by fractional distillation. 
According to a process patented by Teeple/^ the product is purified 
subsequent to distillation by alternate treatment with alkali and 
hydrochloric acid followed by final washing with sodium carbonate 
solution. 

Pine oil is also obtained as a by-product in the manufacture 
of wood pulp by the sulphite process (cf. p. 76). The crude dis¬ 
tillate is refined by boiling with very dilute sulphuric acid and 
re-distilling with superheated steam at slightly reduced pressure.^^ 

It is a light straw-coloured oil with a pleasant odour resembling 
that of pine-noodle oil. The physical data are :— 



H.. C. Palmer. 

Teepl©.'^® 

Spocific gravity at 
15° . 

0-932- 

-0-935 

0-935—0-947 

Rofraet.ivo iridox 
at 20° . 

1 .4.70S~ 

.itSI n 

1-4830 

Boiling point 

l<)(r—195° 

206° 

l^iHti nation ran go 

90% bot.wcion 190" hikI 218° 

75% botwoon 206° and 218° 

Acjidity . 

holow 0-1 per cent. 

— 

Mointuiv^ oont<nit . 

below 1-25 [)cr cent. 

3— 4: per cent. 

Plasli point ...... 

76° 

— 

Optical rotation . 

— 

— 11 


The coin])()siii()n of pine oil is mainly secondary terpenes, 
])robably deprived from the original pinene in the wood. In addition 
to intermediate ])i’oducts such as dipcntenc it contains a large 
proportion of terf)inool, a.nd smaller quantities of borneol, cineol, 
camphcnc, and various phenolic bodies, together with some free 
fatty and resinous acids, ft also contains ketonic and aldchydic 
substances, to which the odour is duc.^^ 

It is used as a slow-drying solvent in many directions, being 
an excellent solvent for gums and resins, and is useful for many 
purposes on account of the powerful and very agreeable smell it 
imparts. It has the exceptional property of being actively germicidal, 
although non-poisonous to human beings. On account of this 
lack of toxicity combined with its pronounced smell and unpleasant 
taste it has been suggested as a denaturant for alcohol. 
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Pine-needle Oils. 

The needle-like leaves of practically all varieties of coniferc 
trees, particularly pines, yield an oil when distilled with stea 
the amount and character varying with the particular class a 
species of tree. The production of these oils has long been 
established industry in many parts of the Continent. Those ( 
are also prepared in many parts of Canada and the United Stai 
but the industry is there unorganised and intermittent in oharaci 

The '' oilthus obtained is really a volatile spirit analogc 
to turpentine in composition, consisting essentially of a mixture 
several members of the terpene group, principally limonc: 
sylvestrene, phellandrene and dipentene, the proportions of wh. 
vary in the oils obtained from different species of tree. They dil 
from turpentine in containing only a small proportion of pinene. 

These oils have a strongly penetrating and pleasant odour 
pines, which has been identified as due to bornyl acetate, wh 
is present in varying quantities, from 5 per cent, to as much 
30 per cent, in some varieties. 

The physical constants of the various oils have formed i 
subject of considerable research (the results of which are summarig 
in Allen’s '' Commercial Organic Analysis,” Vol. IV, p. 380). 

These varieties of aromatic oils are produced in considera^ 
quantities, but they are used mainly as deodorants for other solvcn 
particularly the petroleum solvents, in the preparation of polisl 
for boots and shoes, floors, furniture, etc. Their value in this cc 
nection lies in the fact that, in addition to their property of impa 
ing an agreeable odour, they are similar in general properties to 1 
solvents to which they are added and do not impair their solve 
power in any way. They are also largely used for spraying purpos 
to impart a fragrant odour to hospitals and public rooms, and a 
for medicinal purposes. 

TerpineoL 

This is derived from terpene hydrate by the action of dih 
sulphuric acid. The empirical formula is CiqHi/OH and t 
following structural formula indicates its chemical behaviour ;— 

(CH3)2—C-^OH 
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According to the relative positions of the methyl groups, three 
modifications are possible. The commercial preparation contains 
all three of these, the a-variety predominating. 

According to Coffignier,^^ it is prepared commercially by the 
prolonged digestion of the following mixture :— 

Turpentine . . . . . .10 parts 

Alcohol (90°) . . . . . 15 ,, 

Sulphuric acid (sp. gr. 1-640) . . . 5 ,, 

It is also extracted from pine oil, whieh contains it in large 
proper tion.^^ 

As the boiling point of the pure a-modification is 219° and that 
of the /9 210°, the commercial preparation varies between these 
liniits according to the relative proportions present, the usual figure 
being 215°. Similarly, the specific gravity ranges from 0*923 to 0-940. 

Terpincol is a liquid with a strong odour resembling lilac. It 
is a powerful solvent and callable of dissolving most of the hard 
resins in the cold. On this account its use was proposed by Tixier 
some years ago for the preparation of varnishes from hard resins 
without fusion. According to Tixier, Kauri, Pontianak and Manilla 
arc totally soluble in terpincol, and the hard copals like Sierra Leone 
and Angola are largely soluble, giving very pale solutions.^® 

Tixier took out a patent for this x)rocess, but the varnish produced 
by it did not f)rovc commercially attractive, and terpineol is not 
utilised to any great extent as a solvent at the present time. The 
price at whidi it can be ])roduced as compared with other modern 
solvents rather handicaps its use, but its possible applications in 
connection with celluh^sc and other types of modern finishes deserves 
further i n vestigatic)n. 

11 If droler pin. 

This is a synthetic product, made by treating pine oil with 
hydi*ogon under pr*essuro in })resence of a catalyst in a manner similar 
to that descrihc^l under tetralin. Zinc is found to be the most 
satisfactory catalyst. 

It is a water-white liquid, with a pleasant, mild, aromatic smell. 


having the following i)hysical properties :— 

Distillation range .... 

179° to 195° 

Flash point ..... 

47° 

Specific gravity at 20° 

0-879 

Bromine number .... 

38 

Refractive index .... 

1-4733 

Optical rotation .... 

-f- 4 
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The evaporation rate is practically identical with that of Amorii 
turpentine. It is claimed to bo equivalent to American turpont 
in solvent power and to form a satisfactory substitute, as it agi 
with it in properties more closely than any othci- solvent available 


Rosin Spirit. 

When rosin is subjected to destructive distillation a dark bro" 
viscous oil is obtained having pronounced fluoresconce, togc^ther w 
an impure aqueous solution of acetic acid. 

The production of rosin oils and rosin spirit in Huh way fr 
the waste and low-grade rosins produced in the turpentine industa 
is mainly due to the work of Pr^my, who studied the possibilii 
in this direction early in the nineteenth century; most of the rc 
oils are prepared by the process ho introduced, which cotis 
essentially of dry distillation of the rosin. The crude distillatt 
treated with caustic soda to neutralise the free acid and ro-distil 
to produce the commercial rosin spirit. 

This refined rosin spirit is an almost coloxxrlcss liquid, somew 
resembling turpentine but differing in physical propeidies. 1 
smell is quite characteristic and quite different from that of £ 
of the turpentines. The specific gravity varies considerably, fr 
0-866 to 0-883, but it is invariably heavier than American turpenti 

On heating, rosin spirit distils with constant rise of tcmperati: 
the boiling point ranging from 115° to 250°, the end points and 
proportions coming over at different temperatures varying wid 
with different samples. 

The flash point ranges from 36° to 38° C. (97° to 102° F.). 

This variable boiling point is an indication of the complex 
of its composition, which includes a large range of decomposit 
products of the original terpencs. According to Renard it c 
tains pentane, pentene, toluene, hydrotoluene, and substances sucl 
cymene; about 50 per cent, consists of hydrocarbons with boil 
points below 120°, notably heptine, 

Rosin spirit is insoluble in water and alcohol, but is soluble 
ether, or a mixture of alcohol and ether, also in turpentine, chic 
form and white spirit. Nitric acid acts on it rather less energetics 
than on turpentine, forming a dark scarlet mixture; hydrochic 
acid has but little action. 

When properly refined, and entirely free from the non-volai 
rosin oil, rosin spirit forms a good solvent for oils, and it was larg 
used at one time as a substitute for turpentine when the sup 
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was short, as it could be produced at a comparatively low price by 
the distillation of inferior grades of discoloured rosin. It does not 
form a really satisfactory thinner for paints, and is inferior to white 
spirit as an alternative to turpentine, as it evaporates in an irregular 
manner, leaving a viscous residue which dries badly and hinders the 
oxidation of the oil. With the advent of the abundant supplies 
of petroleum solvents and the introduction of the other modern 
sofvonts its use has considerably decreased and it is little used in the 
paint industry at the present time. 

Oil of Spike .—This is a product of similar character to turpentine, 
obtained by distillation of spike lavender {Lavandula spica). It is 
sometimes known as lavender oil, but must bo distinguished from 
the true lavender oil used as a perfume. It has a pleasant smell 
slightly reminiscent of lavender, but quite distinct from that of 
the ])crfumc. The specific gravity is 0*85 to 0*88 and the boiling 
Ijoint 170"^ to 200"^. It is used to a small extent as a solvent in the 
preparation of artists’ mediums and ceramic colours. It was at 
one time largely used as a medium for stained-glass painting, but 
has been generally superseded by gum water for this purpose. 

Gurjim Spirit .—Certain species of Dipterocarpits found in Indo- 
China yield an olco-rcsin known as Gurjun balsam. By distilling 
this with steam in the same way as pine rcvsin an essential oil can be 
extracted whicli is closely similar in ])roporties to turpentine, only 
liighcr in specific gravity and boiling range. The collection of the 
crude balsam is at present unorganised and the supply uncertain, 
but the raw material appears to bo abundant and to form a possible 
source for industrial development. According to J. Cuenot trials 
of its use as a varnish solvent have given excellent results. 
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CHAPTER IV 
THE ALCOHOL GROUP 


Thb alcohols are a large and important group of organic compounds 
derived from hydrocarbons by the substitution of hydroxyl for one 
or more of the hydrogen atoms in the molecule. 

They compare, very broadly speaking, with the alkalies and other 
inorganic hydroxides in their ability to combine with organic acids 
tolorm compounds, analogous to salts, known as esters. The well- 
known synthetic resin '' ester gum,’"" formed by the action of glycerol 
on rosin, is an example. 

Ethyl alcohol is by far the most important of the alcohols from 
the practical point of view, so much so that it is a convenient and 
well-established practice for the term alcohol, when used without 
any qualification, to imply ethyl alcohol, other members of the 
group being always distinguished from it by giving the full name. 
Modern practice tends to carry this further and establish similar 
names for the higher and lower homologues of ethyl alcohol in 
industrial use. Thus :— 

Methanol signifies Methyl Alcohol. 

Alcohol ,, Ethyl Alcohol. 

Propanol ,, Propyl Alcohol. 

Butatiol ,, Butyl Alcohol. 

In the following pages the practice has been adopted of using the 
two names as synonymous and interchangeable. 


Methanol or Methyl Alcohol, 

This the simplest member of the alcohol scries, being the methyl 
hydroxide derived from methane or marsh gas, CH^, by the intro¬ 
duction of one hydroxyl group, liaving therefore the composition 
It was recognised in wood tar by l^oylc as far back as 
](>G1 and tlic composition was established by Dumas and Peligot in 
1834. It does not occur naturally, but is produced in the steam 
distillation or dry distillation of most vegetable matter and to a 
certain extent by fermentation. On the large scale, it is prepared 
mainly by the destructive distillation of vegetable pi'oducts, the 
chief source being wood, although the refuse from hect-sugar and 
other vegetable waste products is utilised to a certain extent. The 
commercial product thus obtained (described in next section) is 
submitted to repeated distillation to obtain the pure alcohol. 

The great difficulty in purification is the removal of the few per 
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cent* of acetone tiBtially present in the industrial product, T] 
cannot bo separated by aimi>lo distillation owing to the cloBcncss 
the boiling points, and chemical methods of separation have 
bo resorted to, 8uc»,h as chlorination of the acetone in order 
raise the boiling point. Another indirect method is to ester, 
the methyl alcohol, separate this from the acetone by distillati 
and recover the alcohol by distillation of the ester with cauf 
r^otash. 

Recently a process of preparing methanol in a state of gre 
I)urity by synthesis has been developed in Franco and Germany, 

Sabatier and Sendcrens experimented many years ago on t 
synthesis of methyl alcohol by the hydrogenation of carbon monoxie 
Init with,exit much success, probably owing to the fact that they we 
working at too low temperatures and pressures. Tt has only be< 
with the development of high-prcssuro technique for catalyse 
gaseous reactions, as elaborated for the j^urposo of synthcsisii 
ammonia, that the production of synthetic methyl ahjohol lias be< 
possible. In 1921 K. G. C. Calvert ^ claixiKKl to have convorh 
water gas into methyl alcohol xip to 80 per cent, of the theoretic 
yield. A patent taken out by Patart about the samc^ time claimcc 
the production of methanol on a commercial scale by subjecting 
mixture of liydrogcn and carbon monoxide to a high pressure at 
tompcratxire of about 5()()"-' in the presence of a catalyst. 

Patart’s process,^ l)rocccding from the established fact that 7 A 1 
dust reacts with methanol vapour at a rod heat to give carlx 
monoxide and hydrogen in proportions suhst/antiaJly those of wat 
gas, acted on the hypothesis that tills action should be reversib 
under high xircssure. Experiments proved this to bo the case, tl 
compression of water gas to about 200 atmosx)hcrcs at a tomporatu 
of over 400"^ in the ])roHcnco of pure zinc oxide as a catalyst rcsultii 
in a regular suj)ply of synthetic methanol, according to the reaciif 
CO -h 

The crude liquid thus obtained was greenish in colour ai 
distilled between 59^^ and 100"^. This on rc-distillaiion gave xiraci 
cally pure methanol. The chemical engineering problems in tl 
construction of the apparatus for tliis reaction were found to 1 
considerable, but the greatest difficulty to he overcome was tl 
control of the process so as to secure quantitative conversion of tl 
gases into methanol and avoid the waste caused by the mar 
possible secondary reactions which result in the formation of fr< 
carbon, carbon dioxide, etc., as well as objectionable by-pi'oduci 
Patart was, however, able to overcome these difficulties and 
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particular to produce a product completely free from acetone, wMch. 
is impossible except at great expense by tbe refining of wood 
alcohol. 

A closely similar process formed the subject of patents taken out 
by the Badische Anilin- und Soda-Fabrik in 1923.^ The improve¬ 
ments claimed in these over Patart’s process mainly concern the 
complete purification of the reacting gases to prevent poisoning of 
the catalyst and the composition and structure of the catalyst so as 
to ensure the efficiency of the main reaction and prevent the setting 
up of those subsidiary reactions already referred to, which result in 
the formation of hydrocarbons and other impurities. The most 
important point revealed is the fact that it is necessary for the 
catalyst to be entirely free from iron or nickel. A certain amount 
of higher alcohols, such as butanol, is produced with the methanol 
and the process can be controlled within limits so as to yield a supply 
of these. 

Operations under these patents were started towards the close 
of 1923 at Merseburg and developed on a large scale. The whole of 
the output until recently has been absorbed by the German dye 
industry, but as the production increases more and more is being 
exported at a price which shows a great advantage over the wood 
distillation ])roduct. 

Other woikcrs have devoted considerable attention to the 
syntlictic production of methanol. Audibcid claims,^ for example, 
that methanol can bo obtained, with a chemical yield of 100 per cent., 
by ciuising hydi’ogon to act upon carbon monoxide in the presence 
of the sub-oxides of CJr, Vd, Ur or Mo at a temperature of 250° and 
a pressure of 100 to 200 atmospheres. 

A further [u-occss, in which methanol is produced by the hydro¬ 
genation of thymol, has been recently patented by the Camphor 
Manufacturing (V). of Diisscldorf. 

Synthetic methanol is rapidly becoming a formidable competitor 
to the wood distillation juoduct on account of the low price at which 
a pure product can be obtained/* 

The pure alcohol is a colourless, mobile liquid, the smell of which 
is very faint and not unpleasant, resembling ethyl alcohol. The 
boiling point at normal pressure is 06°. According to Fuchs ^ it 
ranges from 65-0() at 710 mm. to 08*00 at 790 mm. 

The melting })oint has been determined by several workers. 
Ladenburg ® gives 94-9°, Van Nostrand ^ —-97*1. 

The specific gravity is 0*796. Klason and Norlin have determined 
accurately the sp. gr. of solutions of methyl alcohol in water of 
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varymg streDgths from 0 to 100 per cent. : their resixlts are given i 
detail in a series of tables.^® 

Methanol burns with a pale blue flame and mixes with water i 
all proportions, also with alcohol and other. It is closely simih 
to alcohol in its solvent properties. 

It is obtainable practically pure on an industrial Bcale and is oftc 
marketed under various proprietary names, such as “ Oolumbi 
Spirit.’^ For use in the synthesis of dyes, etc., a very pure spirit 
required, particularly freedom from acetone. Pure metliyl alcolK 
is mainly employed for such chemical purposes ratlun* than as 
solvent, as the content of acetone in the cheaper wood alcjohol is a 
advantage rather than otherwise for solvent purposes. It is employe 
for the introduction of the methyl group in the synthesis of perfume 
and essential oils, synthetic drugs, etc. 


Wood Alcohol. {Wood Spirit, Wood Naphtha.) 

The impure methyl alcoliol used industrially as a solvent i 
known by these names in distinction to the pure prochict jm 
described. This is prepared by the destructive distillation of wood 
hard woods such as birch, oak, beech and elm arc most satisfactor 
for the purpose and both the solid wood and sawdust ai'o employee 
In the case of the former, the wood is cut into laths about 4 foot i 
length and seasoned thoroughly for one or two yearvS. If sawdus 
or chips arc used they arc moulded into briquettes or blocks bcfoi* 
treatment. 

The wood is first placed in a kiln maintained at a tem])oratur 
of about 100° to drive off all residual moistxiro and sap. It is thcj 
loaded into the retorts, which are steel chambers of dimension 
varying in individual works and provided with a large, tightly-fittin; 
door for charging, which is fitted with an outlet pipe some 12 iuchc 
in diameter. The dried wood is loaded on to a steel trolley and rui 
into the retort in the most progressive factories, but in some cases tir 
older practice prevails of loading the wood into the retort dii'oct 
closely stacking it until the chamber is full, w^hen the door is closec 
and the retort fired. 

The vapour which comes off on heating is led through the outlo 
pipe into condensers. The worm condenser is not generally used ii 
this case, but the reverse system of passing the gases into a chambcj 
fitted with a number of tubes through which a constant circulatioi 
of cold water is maintained. The distillate is discharged from tlic 
condensing chamber into tanks, whei'e it is allowed to settle anc 
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separate out into tar and pyroligneous acid. This latter, which 
floats on the top, is a dark-reddish liquid with a peculiar penetrating 
odour and a strong acid reaction, running from 1-02 to 1-05 in 
density. It consists of acetic acid, methyl alcohol, acetone, allyl 
alcohols, phenols and other compounds. 

The methyl alcohol, which is present to the extent of about 
15 per cent., is separated by fractional distillation, the acetic acid 
being removed either by passing the distillate over calcium hydrate 
solution or treatment of the pyroligneous acid with lime prior to 
distillation. The crude wood alcohol thus obtained contains about 
82 per cent, methyl alcohol with varying axnounts of acetone, methyl 
esters, allyl alcohol, aldehyde, methylamine, etc. This is further 
distilled over lime to prepare the refined product, which contains 
about 95 per cent, methyl alcohol, the balance being mainly acetone. 

Wood spirit is largely used as an adulterant for alcohol to render 
it undrinkable, on account of its poisonous nature, its cheapness 
and the difficulty of separation. It is an advantage for this purpose 
that it does not materially affect the properties of alcohol as a solvent 
and other purposes for which it finds industrial use. For this 
purjDose, an impure spirit containing a high proportion of allyl 
alcohols and pyridine can bo used. 

Wood alcoliol has the advantage of being a solvent for many 
inorganic substances and being freely miscible with water, as well as 
a solvent Cor fats, oils and soit resins. As previously mentioned, 
the ])ro])ortion of acc^tonc it contains assists it as a solvent and 
cxtraciting agent. 

As an extracting agent it is used in various industries in addition 
to paint and varnish manufacture. Nitrocellulose, for example, 
is rclinod by extraction with wood alcohol, and it is employed in the 
manufacturer oC other explosives. 

Formic aldehyde is almost entirely prepared by the oxidation 
of wood alcohol, either by [)assing a mixture of the alcohol with 
air over a luaited surfacur or by oxidation in j)resencc of a catalyst. 
Commercial foriuici aldehyde usually contains about 10 per cent, 
of residual methyl alcohol. 

Wood sj)irit is a good solvent for shellac and is largely employed 
in the preparation of spirit varnishes, insulating varnishes, hat 
polishes, shoe polishes, etc. Cheap lacquers for hardware are 
largely made with it. It is used as a detergent in laundry work. 
On the coxitincnt esprit do bois ’’ is used in place of methylated 
spirit as a household article, both as a fuel for use in spirit lamps, etc., 
and as a general cleaning agent. 
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It is extremely poisonous, much more so than ethyl alcohc 
as it is oxidised in passing through the system with formation 
formic aldehyde and formic acid. The pernicious practice 
drinking methylated spirit denatured with wood alcohol cans 
homicidal mania and is frequently fatal. 


Alcohol. {Ethyl Alcohol.) 

This is the hydroxide of ethane, having the compositi< 
CgHg-OH. It is a substance of such widespread industrial impoi 
ance that its technology had been fully investigated and sovoc 
works on the subject have been published which should bo consxilt< 
for detailed information.^^ 

Alcohol is produced by fermentation whenever a ferment such 
yeast is allowed to act on sugar solutions of moderate strength 
temperatures between 50*^ F. and 90° F. In theory, the i)rocc 
consists of a simple splitting up of the sugar into alcohol and carlx 
dioxide, but the actual reactions involved arc far more complicated 

In the fermentation of fruit juices for the production of alcohol 
liquors the ferment acts directly on the sugar present in the jxiic 
Alcohol for industrial purposes is, however, usually made fro 
cereals, in which the starch has first to be converted into sugar I 
the action of another organism in the process known as malting 
and this is subsequently converted into alcohol by fermcntatic 
or mashing.” The fermented mass contains alcohol, water ai 
fusel oil, which is a mixture of higher alcohols, together with sm? 
quantities of acetic acid, aldehyde and esters mixed with the sol 
and unfcrmentable portions of the original grain. The alcohol 
separated from this mixture by distillation. 

Alcohol is also produced synthetically from calcium carbid 
The cycle of operations may be represented thus :— 

Chalk, CaCOg 

(heated i}i the electric furnace with coal) 

4 ' 

Calcium carbide, CaCg 
(treated xvith water) 

4 ^ 

Acetylene, C 2 H 2 

(Hydrated by dilute sulphuric acid) 

Acetaldehyde, CH3COH 
(reduced by hydrogenation) 

Alcoholt CaHg-OH 
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This is only a general indication of the synthesis, which has been 
carried ont in many different ways and has formed the subject of 
innumerable patents. 

A process for the production of synthetic alcohol from the 
ethylene contained in coke-oven gases has recently been introduced 
on an industrial scale in France. 

Absolute Alcohol is ethyl alcohol in a state of almost chemical 
purity, and, in particular, anhydrous. It is a colourless liquid 
almost without smell, very mobile, and having a strong burning taste. 
It boils at 78*^, solidifies at —112° and has a specific gravity of 0-79. 
The refractive index has been dotexmined as 1-3667. 

It is decidedly hygroscopic, gradually absorbing moisture from 
the air unless kcjDt tightly sealed. On the addition of water in 
small proportion combination takes place with considerable evolution 
of heat. It is prepared by dehydration of spirits of wine by 
re-distillation over quicklime and final treatment with metallio 
sodium. 

The absolute alcohol prepared industrially as an analytical 
reagent, etc., usually contains a small quantity of water, from a half 
to one and a half per cent. 

Absolute alcohol is made on an industrial scale in America by an 
improved method of distillation, which enables it to be prepared at a 
cost sufficiently low for industrial use as a solvent. It is claimed 
that the removal of the percentage of water contained in ordinary 
industrial spirit converts it into an active solvent for nitro-cellulose. 
It is, however, difficult to understand how this anhydrous condition 
can bo maintained for any length of time in view of its pronounced 
hygroscofMc nature. 

Rectified jHpint oj Wine (abbreviated S.V.R.) is the most concen¬ 
trated alcohol obtained by distillation in the ordinary manner. It 
is 00° over proof ” and contains 90 per cent, of alcohol and has a 
specific gravity of ()*S38. It is ])reparc‘d from ordinary alcohol by 
diluting down to 45 to 50 per cent, with water and re-distilling in a 
“ rectifying ” still, i,e., a still fitted with fractionating columns. 
Purification by ti'catmcnt with wood charcoal is also emifioyed. 
The process of purification is mainly a chemical one, in which the 
impurities are removed by oxidation. 

Proof Spirit is a relic of the old days when the quality of alcohol 
was determined by pouring on to gunpowder and applying a light. 
If the proportion of water was sufficiently low the gunpowder would 
ignite, but if high the water would moisten it and prevent ignition. 
The spirit was classed as '' proof ” if it ignited and '' under-proof ’’ 
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if it did not. The composition of proof spirit as detei'mined by thi 
test was very arbitrary, but is now definitely determined by Act c 
Parliament as a mixture of 49*24 per cent, by weight of alcohol (b 
volume, the i)crccntagc of alcohol is 57-1) and 50*76 per cent. watc 3 
with a specific gravity of 0-920. 

A spirit is known as so many dcgrocB over-proof or undor-proc 
according as it contains a higher or lower pcixentage of alcohol tha 
this standard. The percentage of water can be dc'.tormined accurate! 
by taking the specific gravity. A special form of hydrometer i 
usually used, graduated to read directly in degrees proof, but th 
specific gravity can bo taken in the usual way and tixe compositio 
found from the tables which arc published in all standard works o 
alcohol and chemists’ pocket-books. 

Methylated 8j>irit (Denatured Alcohol).—This is spirit of no 
less than 50 over-proof adulterated for industrial use with som 
noxious substance so as to render it unfit for drinking and free it fror 
excise duty. It is essential for the x)ur})oso that the added substanc 
sliould not interfere with tlic use of the spirit as a solvent and fo 
household purposes as a find, cleaning agent, etc. Wood tiaphth 
in the proportion of 10 per cent, was originally used, but as this wa 
easily rcunoved by distillation and, moreover, certain persons coul 
not bo prevented from drinking it, with serious results, three-eighth 
of 1 x)er cemt. mineral naphtha was added. The regulations for it 
composition have been altered from time to time to ensure rendorin, 
it undrinkable and at the same time as far as possible non-poisonom 
Since June 191 S ilio addition of a small quantity of methyl-violel 
1 oz. to 4,000 gallons, has been required in order to provide a furtlie 
safeguard by giving it a distinctive colour. 

Since May 1924 the use of crude pyridine prepai'cd from bone oi 
has been legalisisl as the denaturant. This substance has been uso( 
as the denaturant on the Continent and in the United States fo 


some years. 

The general comx)osition is given by Simmonds 


Ethyl alcohol ....... 83*05 

Methyl alcohol . . . . . . 7*73 

Ketones (calculated as acetone) .... 1*02 

Esters (calculated as methyl acetate) . . . 0*13 

Unsaturated comi)ounds (such as allyl alcohol) , 0*08 

Pyridine ........ 0*02 

Mineral naj)htha . . . . . . 0*38 

Water ........ 9*21 
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Methylated Finish is methylated spirit in which is dissolved a 
proportion of rosin in order to enable it to be sold without a 
licence. It mnst contain not less than 3 oz. to the gallon to pass the 
Excise, 

Industrial Spirit is the grade used as a solvent for manufacturing 
purposes. It is denatured in a similar manner to methylated spirit 
in order to prevent its use for drinking and allow it to be used free of 
duty, but the denaturing is not carried to such an extent, to avoid 
interference with its technical properties. It is not allowed to be 
sold for general use, but is restricted to manufacturing purposes only 
and controlled by licence. Great Britain was one of the first coun¬ 
tries to introduce this denatured alcohol and exempt it from duty, 
for use as an industrial solvent. 

It diSers from ordinary methylated spirit in three respects :— 

1. The petroleum spirit is absent. 

2. It contains only half the quantity of wood naphtha. 

3. The colouring indicator is omitted. 

The average composition, as given by Simmonds/^ is :— 


Ethyl alcohol 
Methyl ,, 

Ketones (acetone) . 
Esters (methyl acetate) 
Unsaturated alcohols 
Pyridine 
Water . 


87*92 per cent. 
3*87 „ 

0-51 „ 

0*06 

0*04 „ 

0*01 „ 

9*21 


The restrictions placed on the use of this spirit are that it cannot 
be sold by retailers, but must bo obtained by consumers direct from 
the manufacturers in quantities of not less than 5 gallons at a time. 
Manufacturers must first obtain a permit from the Excise authorities, 
stating the purpose for which it is intended to be used, and a register 
of its consumption must be kept available for inspection by the Excise 
authority- Regulations are also made as to its storage in factories, 
to safeguard against fire. 

Ordinary industrial alcohol has a specific gravity of 0*815 to 
0*820 and a boiling point of 78°. The flash point is 57° to 00° P, 

Alcohol acts as a solvent for both organic and inorganic sub¬ 
stances, being one of the few solvents which are miscible in all 
proportions with both water and organic liquids. It dissolves 
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oleo-resins and balsams and tho turj^entines obtained from thci 
with the exception, according to Cuenot, of that from Gnrjr 
balsam.It dissolves rosin, mastic, gamboge, Dragon’s I^lood ar 
similar resins and some of the semi-fossil resins such as Manilla, bi 
not the harder rosins such as Coi)al and Kauri. It is one of the fe 
solvents for Shellac, but only dissolves it ])artially, giving a turbi 
solution. It is the principal solvent for tho synthetic*, resins both < 
the coumax-one and phenol-aldehyde typo. The latter class *ar 
however, only soluble when partially polymerised and bc(X)nie quii 
insoluble if the reaction is carried to completeness. 

It mixes freely with the aromatic hydrocarbons benzcuie, toluein 
etc., and dissolves naphthalene, but not its hydrides (cf. page 40 
It does not dissolve petroleum hydrocarbons, but readily dissolve 
their fatty acids and tho soaps prej)ared from them. Tho veged/abi 
oils, or glycerides of the fatty acids, such as linsccKl, poppy and (-hin 
wood oils, arc quite insoluble, but an exception is found in castor oi 
which is freely soluble. It dissolves many organic substancc^s whic^ 
are soluble in water and also many inorganic compounds, such a 
potassium and sodium hydroxides. 

Industrial alcohol docs not dissolve colluJoso nitrates or cclluloic 
although it is claimed that these arc soluble in absolute alcolu 
(cf. page 91). In the paint and varnish industries alcoliol is mainh 
used as a solvent for shellac and soft rosins in the })r(‘|)aration <] 
spirit varnishes, lacquers and Drench polishes. It is cmiployod in ( 
wide range of industrial chemical reactions, also as an illuniinant am 
as a fuel and motor spirit. 

Solidified Alcohol is a solution of sodium stearate in UK^thylatec 
spirit (or wood spirit on the Continent). The soap is made Ir 
saponifying stearin with caustic soda. This is melted and dis 
solved in sufficient spirit to set into a soft, golatinous mass oi 
cooling. 

S'peci/ication. —Industrial alcohol for use in tho manufacture o 
aeroplane dope must comply with the following requirements :— 

1. A clear, colouiicss liquid containing 5 per cent, of wooc 
naphtha. 

2. Specific Gravity —^Not less than 0-817 at 15° {i,e. 66 over-proof). 

3. Distillation Range. —95 per cent, between 76° and 79°. 

4. Volatile Residue —^Not more than 0*01 per cent. 

5. Acidity. —2 Drops A/10-caustic soda must neutralise 10 c.c. 

6. Alkalinity. —^Not more than 0*02 per cent, by weight. 

7. Must give a clear solution with distilled water in all proportions 
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Pro'pyl Alcohols. 

Propane, CgHg, is capable of forming two isomeric alcohols 
having the composition represented by the formula C 3 H 7 -OH. The 
normal alcohol is contained in potato fusel oil and obtained from it 
by fractional distillation. 

Iso-propyl alcohol is obtained by the hydrogenation of acetone 
in pi^esence of a catalyst. A pure alcohol is prepared by this process 
in Germany under the name Persprit.^® It is also prepared in 
America from propylene by treatment with sulphuric acid to give 
the sulphate, which is then hydrolysed. 

Both these alcohols are closely similar to ethyl alcohol in their 
properties and are freely soluble in water. The solvent power is 
rather greater than that of alcohol and the physiological effect 
is similar. They differ from alcohol chiefly in their physical con¬ 
stants, which are as follows :— 



Nornaal. 

Iso. 

Specific gravity. 

0-804 

9-790 

Boiling point. 

97-4 

82-7 


They are not employed to any great extent as solvents. 

They are mainly used in the preparation of fruit essences, per¬ 
fumes and cosmetics, and as substitutes for alcohol, as they are not 
subject to specific duty on importation or manufacture in this 
country, and there are no Revenue regulations governing their 
composition and use. 


Butanol, or Butyl Alcohol. 

Theoretically four alcoliols can be derived from butane, 
having the formula 

All these isomers have been known for some time and their 
constants determined as follows :— 

Normal butyl alcohol . boiling point 117"^ sp. gr. 0-810 
Iso-butyl alcohol 108° ,, ,, 0-800 

Secondary butyl alcohol . ,, ,, 99° ,, ,, 0-827 

Tertiary butyl alcohol . ,, ,, 84° 

With the exception of the secondary alcohol they are present in 
small quantity in fusel oil. 






96 


Volatile Solvents and Thinners 


The normal alcohol is the most important of these. It wt 
prepared originally from butyl aldehyde or butyric acid. Con 
mercial butyl alcohol, or butanol, consists essentially of the normj 
alcohol of a high degree of purity. Its production on an industrif 
scale is of qxiite recent introduction. 

In the course of researches on the production of syntlietic rubb€ 
the need for butyl alcohol in large quantities became ai>parent an 
its production by fermentation was suggested. Fernbach, in coi 
junction with Weizmann, isolated a bacillus which would produc 
butyl alcohol from potatoes and a patent was taken out for th 
process in 1912. The pi'ocess was, however, difficult to work, as i 
required for its growth strictly anaerobic conditions in closed vcsscL 
The operation of this inoccss was very limited, as Fernbach’s bacillu 
would only operate on starchy materials such as potatoes, and coul 
not bo cultivated in cereals, which limitation rendered the produc 
costly. Subsequently Weizmann, working on maize as a ra^ 
materia], succeeded in isolating a further bacillus which, workin 
in a mash of practically any cereal, can be successfully cult: 
vated under cither aerobic or anaerobic conditions, thus great! 
facilitating the application of the process uxidcr industrial condition 
This process is described in a patent taken out in 1915.^® 

Weizmann commenced by inoculating sterilised maize mas 
with the bacillus, the temperature of the cxilture being maintainci 
at a temperature of 90®—100® for a period of 4 to 5 days. A number— 
about one hundred—of such cultures were prepared, axid from thes 
were selected those showing the most vigorous fermentation. Thes 
selected cultures were then heated to 90®—100® for 1 or 2 minuter 
with the result that the weaker bacteria were killed and only th 
more resistant spores remained alive. By repeating this proces 
many times on the principle of the survival of the fittest,” a strai] 
of highly active and resistant bacteria was developed, which wa 
used to inoculate sterilised maize on a largo scale and develop fermcn 
tation by their growth with the resultant formation of acetone, eth^^ 
alcohol and higher alcohols, principally butyl. In a general way 
the process thus resembles that of the production of ethyl alcoho 
by the fermentation of grain, and existing plants for the productioi 
of alcohol could be readily adapted to tliis process. 

The fact that acetone was produced as one of the products o 
these fermentation processes had been discovered by Strange anc 
Graham some time previously. This suggested the utilisation o 
the process as a means of supplying the huge and pressing demanc 
for acetone during the war. 
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Dr. Weizmann, after developing this process, handed it over 
to the Government, and after perfecting it commercially it was first 
operated on an industrial scale at a distillery equipped for the 
purpose in Toronto. When America came into the war two existing 
distilleries at Terre Haute, Indiana, U.S.A., were purchased jointly 
by the British and American Governments and re-fitted for this 
process on a large scale. During the war acetone was the main 
objective, the butyl alcohol being a by-product of little industrial 
importance. At the close of the war the Allied Governments conse¬ 
quently had accumulated large stocks of butanol available for 
industrial use. Investigation soon revealed its value as a solvent 
in many industries, with the result that the plants were purchased 
from the Government by a syndicate with the object of developing 
the process with butanol as the main objective. The production 
developed rapidly to important dimensions. The consumption in 
1924 was approximately 3,000,000 gallons. 

The fermentation process, as carried out on an industrial scale, 
is operated in four stages :— 

1. The Preparation of Sterilised Mash .—^The raw material for 
this is maize. This is ground into flour, mixed with water in the 
proportion of 15 parts of water to 1 part of flour and cooked under 
pressure in closed tanks fitted with stirring gear. This operation 
takes from 3 to 4 hours, the temperature being regulated at 130° to 
140° at a pressure of 2—3 atmospheres. The sterilised mash thus 
produced is then cooled to about 35° and run into the fermentation 
vats. 

2. Production of the Culture .—This is prepared in the manner 
described above, the pure culture obtained in the laboratory in 
the first instance being used to inoculate successively larger and 
larger quantities until it is available on an industrial scale. 

3. Fermentation .—The mash having been transferred to the 
fermentation vats, which are closed steel tanks of about 50,000 gallons 
capacity, it is inoculated with the culture, and fermentation com¬ 
mences after about 5 to 10 hours. The action proceeds vigorously for 
about 36 hours and then falls off rapidly as the starch becomes used 
up, reaching completion in about 48 hours. The operation requires 
considerable skill and experience to carry out successfully. It is 
necessary to maintain the steady propagation of the bacteria and 
prevent contamination by other bacteria which would impair the 
efficiency of the fermentation. Any interference with the proper 
conditions may cause the cntii’o stoppage of the process owing to 
the poisoning of the bacteria. An accident of this description 
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oocnrred in 1923, with, the result that the entire production of buta 
was practically stopped for some months. 

During fermentation, carbon dioxide and hydrogen are evol 
in large quantities and a fermented mass is developed which cents 
approximately 20 lb. of combined solvents for each hundredwei 
of flour used, the remainder of the mash being unfermented resi( 
mixed with water. 

The composition of the crude product thus obtained varies c 
siderably, A sample examined by the author contained :— 

Butyl alcohol . . . . .56 per cent. 

Acetone . . . . . . 32 ,, ,, 

the remaining 12 per cent, consisting of ethyl alcohol, hexyl and ot. 
higher alcohols, with a small proportion of fatty acids. 

4. Distillation .—The crude solvent is separated from the resic 
by running through a beer still and is then subjected to count 
current distillation with live steam. The crude distillate tl 
obtained consists approximately of 50 per cent, combined solve, 
and 50 per cent, water. 

This is then separated by fractional distillation into (1) acoto 
(2) ethyl alcohol, (3) crude butanol, (4) residual ‘‘ Yellow Oi 
containing hexyl alcohol and other higher alcohols. 

The crude butanol is a brownish-red liquid containing abc 
80 per cent, butyl alcohol and about 12 per cent, of water, the balai 
consisting of traces of acetic acid and other alcohols such as pro] 
and amyl. This is rc-distilled in a continuous distillation a 
separation plant to yield the refined commercial butanol, which 
a water-white liquid of approximately 98 per cent, purity. 

Butanol is produced in France by the same fermentation proce 
In Germany, large quantities are also produced by the carbi 
process in conjunction with acetone (see page 108), being form 
from the acetaldehyde by conversion into crotonaldehydo, thei 
to aldol, which on hydrogenation gives butanol. It is also produc 
to a limited extent as a by-product in the preparation of motlxai 
by the water-gas process (see page 87). By varying the catab 
and regulating the physical condition the resulting product can 
varied within limits to contain more or less of the higher and lov 
alcohols according to the demand. The production of butanol 
this process, however, does not exceed at most 10 per cent, of t 
methanol produced. 

Properties .—Commercial butanol is a clear water-white liqu 
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with a peculiar penetrating odour which has a characteristic effect 
when inhaled, generally described as gripping the back of the 
throat.’’ Like all the alcohols, it has considerable toxic effect and 
produces distressing symptoms if inhaled for any considerable time. 
Its composition is 98 per cent, butyl alcohol, the balance being traces 
of ethyl alcohol and acetone. It is practically anhydrous, the usual 
specification on this point being that it shall show no cloudiness 
wh5n mixed with benzol in the proportion of 1 volume of alcohol to 
19 volumes of benzol. The boiling range is 110° to 118°; a good 
sample will give the following result:— 

Under 110° ..... nil. 

110°—114° . . . , ,10 per cent. 

114°—118°.90 „ „ 

Over 118°.nil. 

The flash point is 97° T. (36° C.), and the specific gravity is 0*810. 

Unlike the lower alcohols, butanol is not miscible with water in 
all proportions, but is only soluble to the extent of 1 part of butanol 
to 12 parts of water. The solubility at different temperatures is 
given in the following table :— 


c 

0 

10-3 per cent. 

60° . 

6-3 per cent 

10° . 

9-0 „ „ 

o 

o 

6-5 ,, ,, 

20° . 

7-7 „ „ 

o 

O 

00 

7-0 „ „ 

30° . 

7-1 „ „ 

90° . 

7-7 „ „ 

40° . 

0-5 „ ,, 

100° . 

9-0 „ „ 

50° . 

6-3 „ „ 

110° . 

- 10-8 „ „ 


it will be seen from this that it decreases steadily with rise of 
temperature from freezing j)oint to a minimum at 50°, after which 
it rirtcs in the same proportion with further increase of temperature. 

Butanol is miscible in all proportions with ether, alcohol, chloro¬ 
form, acetone and esters. It is an active agent for promoting the 
solubility of other liquids. Thus the addition of 3 per cent, of 
butanol enables benzene and alcohol to mix in all proportions. It 
is practically neutral, the acidity, calculated as acetic acid, not 
exceeding 0*02 per cent. It is free from aldehyde and chlorides. On 
oxidation it yields butyric acid. 

It is one of the few materials which act as a solvent for all types 
of resins. It dissolves both shellac, soft resins like damar and 
Manilla and hard resins like Congo. It also dissolves synthetic resins 
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both of the cotimarone and phenol-aldehydo types, provided t] 
latter have not been polynacrised too far. 

Ah it in also a Bolvcnt for all types of oil, its use in the preparati< 
of Bpirit variuHhcB enables drying oils to be used as plasticise 
to increane the elasticity of the film, instead of resorting to no 
drying oils niieli as castor oil, which arc soluble in the lower alcoho' 
liy tlu^ Hohition of hard resins in mixttires of alcohol and butane 
spirit pap<*.r and stoving varnishes can be prci)arcd which give a mu< 
harcUn* an<l touglu^r film tlian those prepared in the nsual manner fro 
soft n^sins. It has a further advantage as an ingredient of sph 
varnislu^H of rc^ttirding the rate of evax>oratiOn. The rapid evapor 
iioii of al<H)hol ejitiHos two diflicultics in practice. In the first plac 
th(^ visc-OHity of the varnish increases so rapidly when it is spre^ 
on the Hurfa<‘e! a,H to caiusci it to dry in the brush, particularly 
warm wiNitluu', ilu'! varnisli cjommencing to set before it can flow O' 
with a. smooth film, with tlu^ result iliat the brush marks arc n 
properly (*iiminat<Hl and an uneven surface is produced. 

''riu* H<HU)nd dini(uilt.y n^ferred to is that known as “ blushing 
Not <»nly do(\s tla* industrial ale.oliol used in spirit varnishes conta 
d<‘ci(h»d pt*re(mtug(* of wai(U', but it is hygroscopic and inclines 
inen^ase its c’ont.cmt of waitu* on storage. When the varnish ma< 
with it is Hpr<^a.d on to a surfacn^ the rapid evaporation of the alcoh 
almorhs a eousi<h‘rabU^, amomitt of heat, with the x'csult that tl 
t(un{H‘ruturt' of th<^ varuishcHl surfa(‘.(^ is lowered to such an cxtoi 
that this wa<t.<»r (’onhmt ea.nnot <waporatc readily and remains on tl 
him, giving it a. milky a.pp('anin(*(‘. ’’riu' inoi'o rapid the evaporatk 
t gi’t‘at<*r t h(^ lowtu'ing of t.h<‘ t(‘mp(‘rature jH’odiuu'd. In extron 
eases wlit‘n‘ t h(‘ air is aln^ady satuniiisl with moisture this lowerit 
of th(‘ t<*mp(‘raf,un‘ by tJH‘ (‘va<pora.tion of the. soIv(aii Is sunicieni 
a('tual coiuh'usation of moistures from the surrounding air on 
t h<" surfa<'o. 

dla' addition of butaxiol in tlu" proportion of about 10 to 20 p 
cent-, to tlu‘ al<’oholi<^ thinner, owing to its mu(‘.h slower rate 
apcu’at ion, retards the t^vaporation of the alcohol sudiciently 
roimaly both <U‘f<iet.H. It slows down the drying suflicient 

to allow t hi* varnish to flow t.o an evem coat and also to allow t. 
imaHtiiri* to ahsorl> tla^ lu*at iuHU\Hsary for vaporisation. 

Butaiiih, although not itself a solvent of nitro-cellulose, is us< 
in a similar nuumiu' in e(*lIulose laequers. It is added in small pi 
portion to tin* thimuu' to retard the evaporation of the low-boilii 
HidvimtH, whiidi hav<^ a tcnuhaicy to cause blushing ’’ of the lil 
umh^r favi)urable conditions of humidity by precipitating moiste 
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from the air, which reacts with the nitro«cellulose, giving the film 
a milky appearance. Its addition also causes the film to flow out 
smoothly and prevents pinholing and similar defects. 

In addition to its solvent power for resins and oils, butanol is 
also a powerful and rapid solvent for linoxyn and other oxidised 
oil films. On this account it forms a very effective ingredient of 
paint removers. Its comparatively slow evaporation is an advantage 
from the practical point of view, whilst its high flash point renders 
it more safe in use than equally effective solvents like acetone, which 
on this account are subject to transport restrictions. Unfortunately, 
its value for tliis purpose is discounted to some extent by its irritating 
effect on the throat, which makes it difficult to work with in confined 
spaces. 

This solvent action on linoxyn may also bo taken advantage of by 
adding a small proportion of butanol to certain types of enamels 
which have a tendency to skin badly in a partly-filled can. The 
butanol evaporates into the air space in the can and by keeping the 
oxidised oil in solution as it forms, prevents the skin from developing. 

Nelson and Wein have found that butanol is the most effective 
solvent for the metallo-organic compounds used as driers, such as 
zinc and lead linoloatcs, resinates and tungates. This suggests its 
use for the preparation of the liquid driers now largely employed 
in the paint industry, as the metallic soaps have a well-known habit 
of dropping out of solution on keeping when prepared in the ordinary 
way with ttxrpentinc or petroleum solvents. 

Another use for which butanol has been employed is as an 
ingredient of rust-removing solutions for ironwork. A mixture 
of butanol and y)hosphoric acid is used largely for this purpose. 
The phosphoric acid ivS the active agent in removing the rust in the 
mixture, the function of the butanol being to act as a solvent for 
grease, etc., and clear the surface for the acid to operate. 

Specification. —J3.KI.S.A., D 17, June 1918 (see page 140), gives 
the following data for butanol for use in the manufacture of aeroplane 
dope:— 

Specific Gravity. —0-810 to 0*820 at 15°. 

Distillation Range. —95 per cent. 95°—120°. 

Residue. —Not ihore than 0*01 gr. per 100 c.c. 

Acidity. —Not above 0-01 per cent, calculated as acetic acid. 

Alkalinity .—Not above 0*01 per cent, calculated as NaOH. 

Purity ,—Not less than 94 per cent, butyl alcohol, determined 
by Verley and Bdlsing method (page 106). 
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Amyl Alcohol. 

INnitimo in capahlo of forming eight isomeric aloohc 

utvmg the formula A mixture of those, in which tl 

l.re«iommiint member in iso-amyl aleoluji, is obtained by the disti 
lat mn of fuMel oil. 'rias aleohoi was first extracted from the spii 
ohtnmed by ilu* fermentation of substances containing starch, hem 
the name amyl (from starch). 

Fiiml ail is <.h<‘ residiu* oldaimal from the rectification of alcohe 
eunfaining all ( he higlaT alcohols, etc., produced in the fermontatio 
It is a ImmIv of e.xtremely comple.x <a)mpositiotv which varies oo 
siderably aeeonling fo grain used for the fermentation. It 
produetal to (he e.x(('nt of about ()-5 per eout. in ordinary alcohol 
Hi 'urn. 

'I'he following gives an indication of the composition from tv 
difi'erent sources, according to K. Windi.scli, "* : -- 


Nurifial 

hnf \ I . 

Am\ I ,» ., , , 

. 

He I if \ I 

I**f I'm I f \ liru Is 
l*'nf i \ m ji i itin'-i .. 

I ‘ui f linil Hlii I I ni .m » , 


by wt^ight. 


Potato. 

(Jraiii (i*yo). 

(>•85 

3-(>9 

24-35 

15-70 

r> 8-75 

79-85 

.. .. 

0 - 13 


trace 

O-OI 

0 - 1(5 

0-02 

0-30 

0 005 

()-02 


'Thr jiupply of ain\l rilt'oiiol is on tlu^ (jUiiiitities of ill 

firii'l till H\aiL'il»lt‘ fr<»m t lu* hIooIh^I distilh^ritbs a,iul is consequent 
iiffutrd Hiui at not o<|ual to the dtuna-nd. principal supp 

in di*i‘i\ed from t lie potato spirit, ohta.iiual as a by-jiroduci in il 
maiiufio'ture uf whisky. 

Ain\ I aleidiol is obtaintai from t-hi^ enuh^ fust^l oil by sha.king wi^ 
aliglilly alkaliue wutcT to reniovi^ t.h<‘ (d-hyd ahjohol. This is allowf 
lt> htaml, when t he lunyl ah'ohol separaU^H out on top of the lyo. Tl 
is firawu otT, <irie<l ov<*r ealtduni ehlori<lc! and re-distilled. Tl 
retined prodmd is at ill a mixture of alcohols, the approximate coi 
being : ■ 


Ihsipvl alcohol . 
Isodmiyl ahadiol 
Amyl alcfthol 
Fatty lutitls, fururid, etc- 


7 per cent. 

»5 > J 

„ 

traces. 
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It may contain ethyl alcohol in addition, and the Excise regulations 
allow 15 per cent, as a normal proportion and admit it duty free 
up to this limit. Being thus a mixture of alcohols of which only the 
amyl content is practically anhydrous, it generally contains a few 
per cent, of water. 

Amyl alcohol is also prepared synthetically by various processes, 
usually starting with petroleum spirit or a similar hydrocarbon. 
These are chlorinated and then treated with an acetate. The syn¬ 
thetic product Per amyl alcohol is a mixture of higher alcohols 
obtained in this way, having a distillation range from 90° to 160°, and 
a specific gravity of 0*883. 

Pure amyl alcohol can bo prepared by treating a mixture of ethyl 
valerate and absolute alcohol with sodium, adding the latter gradually 
in small pieces, heating the mixture over an oil bath for 2 or 3 hours 
and fractionating. The distillate is then dried over potassium 
carbonate and re-distilled. 

Commercial amyl alcohol is a colourless, oily liquid with a smell 
closely resembling that of butyl alcohol, and the same curious 
effect on the throat. The boiling point is 121° to 131° and the 
specific gravity 0*825. 

It is only slightly soluble in water, 1 volume being soluble in 
39 volumes of water. It mixes freely with other alcohols, and in its 
solvent power is equivalent to butyl alcohol. Its toxij effects are 
rather more pronounced than with butyl alcohol, inhalation of the 
vapour being poisonous. The toxic effects of drinking inferior 
sx)irits arc mainly due to the presence of amyl alcohol. 

ft is largely used as a solvent for natural and synthetic resins and 
for the preparation of amyl acetate for the manufacture of cellulose 
lacquers, etc. On account of the uncertainty of the supply and the 
variability of its coinx^osition it is, however, now largely replaced 
by butyl alcohol, which has the advantage of being of constant 
composition. 

Di-acetoyie Alcohol. 


This is a synthetic alcohol formed by the condensation of two 
molecules of acetone by the transference of one hydrogen atom from 
a methyl group in one molecule to unite with the oxygen in the other 


molecule thus :— 


O 




0:^C< 


CH 

CH 


Two molecules of Acetone, 


3 

3 


n _ HO^p/CH 

One molecule of Di'-acctone ulcohol. 


3 

3 
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It was first prepared by Hointz in 1873 by distilling acetone ove 
concentrated solntion of potassium hydroxide, Numorotis otl 
investigators prepared it subsequently by different methods, a 
several patents have boon taken out for its manufacture on a co 
mercial basis, the main principle employed being that of passi 
acetone over a catalyst such as granular calcium hydroxido,^^ 

Di-acotone alcohol is a water-white liquid miscible in all prop< 
tions with both water and alcohol, and also miscible with bens 
up to 50 per cent. It has a boiling point of 1G3'\ and a spcci 
gravity of 0-910 to 0-930. 

It contains a small proportion of unaltered acetone, and also 
trace of acetic acid, but the acidity should not exceed 0-02 per ccj 
It is used to a considerable extent as a solvent in the United Stat< 
One of its principal uses is for the making of nitro-ccllulosc solutio 
for stiffening leather in the boot indixstry, but it is also used in t 
preparation of cellulose varnishes, being a good solvent both, f 
cellulose and resins. It is, in fact, closely similar in solvent properti 
to methyl ethyl ketone, but has a considerably slower rate 
evaporation. 


Benzyl Alcohols 

This is the alcohol derived from toluene, thus :— 

Tohicnc. Benzyl alcohol. 

It was originally obtained from Peruvian balsam by extraction wit 
caustic potash, but is generally prepared synthetically. The usuj 
method of preparation is to treat toluene with chlorine gas a-n 
saponify the benzyl chloride thus formed by digestion with c‘-a.usti 
soda. It is also prepared by boiling bcnzaldchydc^ with (‘.austi 
soda. 

Benzyl alcohol is used to a certain extent as a solvent, mor 
particularly for cellulose acetate dopes. For this purpose it i 
required to pass the following specification ;— 

Specific Gravity. —1-050—1-055 at 15"^. 

Initial Boiling Point .—Not below 200'\ 

Distillation Range .—95 per cent. 200^^—210"^. 

Residue .—^Not more than 0-1 per cent. 

Free Acid .—^Not more than 0*1 per cent, (calculated as benzoi< 
acid)—hydrochloric acid must be absent. 
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Chlorine Content.—MMst not exceed 0-05 per cent by weight 
The tost specified is to boil with alcoholic potash, aciify ^th 
nitric acid and precipitate with silyer nitrate. ^ 

Pwr/^y/.—Not less than 97 per cent, determined by Verley and 
Bolsing method (page 106). ^ veney ana 


« Ile'calin, or CycloTiexanol. 

and i. 

lirc.paicd by the hydrogenation of phenol, thus :_ 


L iiOH 




I’lKiuul, CJIj-OlI 


H 

h/\h 
h!^^h-oh 

H 

Cyclohoxanol or Hexalin. 


The process of preparation is closely similar to that of Tetralin and 

naphthalene hyclrides described in Chapter II, the hydrogenation 
lysultH in a lowering of the boiling point and specific grayity _ 



Boiling point. 

Sp. gr. 

riHuiol. (^ryH(a,llin<^ solid. 

Floju'v lujuid 

181 ° 

KiO” 

1-084 

0-945 


heiy IS a smiilar change in other properties—the characteristic 
odour of phenol, and phenolic cliaracteristics, such as solubility in 
a.IkaJi<\s, a.iHl th(^ prnnounced a-cid and corrosive action, which give 
jifionolM HU(di powca'ful a.iiiisoptic qualiticR, disappear. Hexalin is 
ijuitc n('utra,l in iIiaracicM- ami has properties similar to those of an 
alcohol of high molecular weight. 

T1k‘s<^ hydrogmiatcd phenols liave found many industrial uses 
on account of thmr iiowcrful solvent and emulsifying properties. 
One ol thmr <du«'l usi^s is in soap manufacture, as they form a clear 
solution wii.h a,quoous soap solution and increase the detergent 
lU'opertics owing to their solvent action on oils and fats. 

Dr. Jluctcr'-'* states that excellent results have been obtained 
by adding from 10 to 20 per cent, of hexalin to the fats before 
Baponiiicaiioii. 

Hexalin in tiBcd not so mixcli as a direct solvent as for promoting 
the solubility of substances in other organic solvents and for lowering 
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th .0 surface touBion between two liquids so as to render them misc: 
Thtis a recent German patent describes the use of hexalii 
combination with alkaline olcates; this preparation, addec 
liquid hydrocarbons, renders them soluble in water or capabl 
forming a stable (unulsion with water. A similar action occurs 1 
the hydrocarbon chlorides (see page 132). 

Although hoxalin does not itself dissolve celluloid but me 
softens it, if a small quantity of hexalin is added to a soIutioS 
celluloid in amyl acetate a much more stable solution is formed wJ 
can bo diltited in any proportion with benzol or white spirit witli 
precipitation. 

Methyl Hexalin, 


The name Heptalin was originally used for this substance, 
has been discontinued to avoid confusion with Hoxalin.^® It b( 
th<^ same relation to hexalin as toluene to benzene, having 
formula :— 

ir 


jr 

II 



II 

It is pnq)arc'd by hydrogenating o-crcsol. It is an oily liq 
%vith a* ra.th(‘r unpk^asant odour which is not strong but very i 
sistent. Tlie boiling point is 170'*—and the specific grav 
0d>3(). Methyl hexa.Iin is (dosc^ly similar to hexalin in its propert 
but not (}uit<^ so [)o\verful in its acjiion. Jt is, however, considc'sra 
(duMipcu' to produce a.nd theriO’ore takes the j[)la(‘.o of hexalin 
most industrial purpose's. 


Drfernunation of Alrohol^^ by Vexley and Afethod. 

I to 2 Grams of tlu^ li(|uid arc weighed into a 200 c.(;. fla.sk, a 
to this is adtled 25 ('..c. of tlu' following mixture :— 

Pure ac(‘ti(^ anhy<lrid<^ . . .12 per cemt. 

Pure pyridine . . . . • BvS ,, ,, 

''rho flask is tlien fitted wit h a rc'llux condensc'r a.nd digested o' 
the water~baih for 15 to 30 minutes. It is then cooled, 25 ( 
distilkal watcu* added, an<l titrated with A/2-caastic soda, usi 
phenol phihakun as an indicator, llie amount of the alcohol 
calculakui from tlu^ aniount of acetic acid found, according to 
molecular weight, one molcculo reacting to form one moleculo 
acetic acid. 








The Alcohol Ghroup 


107 


B/BE'EB333N‘aBS. 

^ Che7nical Trade Journal^ March 20th, 1925, p. 355. ^ French Patent 

540,343, 1921. ® Chemie et Industrie^ Feb. 1925, p. 179. ^ German Patent 

307,580, French Patent 581,816. ^ Chemie et Industrie^ Feb. 1925; also Ohem. 

Trade Journal, Juno 19, 1925, p. 754). ^ C. Lormond, Ind, and Eng, Chem., 

April 1025, p. 430; R. T. ISlworthy, Canadian Chemistry and Metallurgy, 
June 1025, p. 130. Fuchs, Zeit. angew. Chem., 1898, 38, p, 871. ® Berichte, 

1899, 32, p. 1821. ® Chem. Annalen, 1919. Klason and Norlin, ArJciv 

Kem. Min,-Ocol., 1907, 2, p. 27 (an abridgment of those tables is given in 
Alleil’s “ Commercial Organic Analysis,” Vol- I., p. 86). Charles Sim- 
monds, Alcohol, its Production Properties, and Applications ”; G- W. 
Monior-Williams, Power Alcohol, its Production and Utilisation ”; J. G. 
McIntosh, “ Indxistrial Alcohol ”; R. F. Horrick, “ Denatured or Industrial 
Alcoliol.” Chemical Trade Journal, June 19th, 1925, p. 753. Charles 
Simmonds, “ Alcohol,” pp. 293, 296. J. Cu6not, Chemie et Industrie, 1924; 
SpcHiial Number, p. 540. P.yi7.>S^A. (seo p. 140), 2.D.9, November, 1920. 

li Behraut.h, Zeit. der Detitschen ol- und Fctt Industrie, 1921, Nos. 37—39. 
17 Wolff, “ Dio Ldsungsmittol dor Fotte, Olo Wachse und Harze,” p. 65. 
=18 Woizmann, Dritish Patent 4845 of 1015; U.S. Patent 1,315,585, Sept. 
1919. Van Schaack, “New Developments in Lacquers,” Paint Oil and 
Chem, liev.. May 14th, 1925, p. 10. Nelson and Wein, Chem, and Met, 
Eng., May 5th, 1924, p. 710. K. Windisch, Arh. Kais. Oesund, 1892, 
8, T>- 228. Adams and Marvel, J. Amer. Chem. Soc., Feb. 1920. Heintz, 
Annalen, 169, 114. 24 xj.S. Patents 1,030,177, 1,066,474, 1,075,284, 1,082,424. 

B.E.S.A., 2 D.7, November, 1920 (soe p. 140). Hueter, Zeit. der 

HeAitschen Ol- und Pott Industrie, 1921, No. 34. German Patent 365,160, 
1925. 


CHAPTER V 
KETONES AND ETHERS 


Ketones are a group of organic compounds closely similar to th 
aldehydes, resulting from the oxidation of secondary alcohols ; the 
are intermediate, in fact, between the alcohols and the fatty acidf 
The lower members of the series are neutral and highly volati) 
liquids of characteristic odour. With increasixig complexity the 
become insoluble in water and the melting point rises, the highc 
members being solid and odourless. 


Acetone. 

This is the most important member of the ketone group and ha 
the composition di-methyl ketone :— 


CH 

CH 


">co. 


It was discovered early in the nineteenth century and investigate^ 
by Liebig and Dumas in 1832, It is formed in various ways, sxic] 
as by the oxidation of alcohols, the distillation of the calcium salt 
of fatty acids, or the decomposition of organic chlorine derivatives 
Acetone has been employed industrially as a solvent for man; 
years and is used in large quantities. Numerous processes for pre 
paring it on a commercial scale have been introduced from time t' 
time, but substantially the whole of the acetone available is no\ 
prepared by the following three methods :— 

1. The Wood Distillation Process .—The raw material in tlii 
process is acetate of lime, produced by saturating lime with th 
pyroligneous acid produced by the distillation of wood. This is dr 
distilled, when it splits up according to the reaction :— 


Ca(CH3-COO)2 == CaCOg + (CH3)2CO. 

The reaction is not quantitative, a good deal of loss occurring throng] 
subsidiary reactions unless the distillation is carefully controller 
and the heating kept uniform. The crude distillate is a viscou 
liquid of complex composition, from which the acetone is obtaincr 
by distillation, the residue being acetone oil (sec page 111). 

2. The Carbide Process .—Acetone is formed as a subsidiary pro 
duct in the manufacture of acetic acid from calcium carbide. Th 
steps in th© production by this method are represented diagram 
matically thus :— 
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Calcium carbide, Ca02 

on addition of water decorwpoaesy giving 

!■ 

Acetylene, C 2 H 2 

by combination with elcmenta of water yields 

\ 

Acetaldehyde, CHg-COH 

„ polymerises to 

Metaldehydo, (CH^-COH) 

on oxidation forms 

i 

Acetic Acid, CHg-COOH 

I 

by rcfnoval of carbon dioxide and water condenses to 
Acetone, (CH 3 ) 2 'CO 

Thm proccHH produces a vci'y pure acetone, but it is expensive to 
work. Tt is largely operated in Germany. 

3. I'he Fermentation Process ,—Acetone is formed as a by-product 
in th<^ production o£ butyl alcohol by the fermentation of grain (see 
pag<^ 9(5). The operation of this process to supply the demand 
for butyl ak^ohol and derivatives has resulted in the production of 
acetone in large (piauiities and it has now become one of the principal 
HourcoK of Hujiply. 

Acid^one is obtainable in a state of great purity, a good sample 
showing 99 to 190 ])er cent, of dimcthylkctone. It is a mobile 
licpiid p<u’f('ctly ckuxr and water-white with a mild and not unpleasant 
odour, A good saanfile should bo practically anhydrous, and show 
no turbidity with distilled water and no residue on evaporation over 
tlio wat(u- bath. It- should bo free from aldehydes and unsaturated 
by-producd.s; this is usually detcrinined by the permanganate test, 
in which 190 c.c. of the acetone are mixed with 1 c.c. of a 0*1 per cent, 
solution of pota-ssium permanganate and kept at The presence 

of such impurities is indicated by a rapid discharge of the pink 
coloi'ation, which should persist in a pure sample for half an hour 
at least. The specific gravity is 0792 to 0*799 at IS'", and the boiling 
point A good sample will distil completely within 2^". It is 

extremely volatile and inflammable and flashes at ordinary atmo¬ 
spheric temperature, the Flash Point being well below 0°. It mixes 
with water and alcohols in all proportions and with all other organic 
sdlvents. It can be salted out from its solution in water by the 
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addition of calcium or sodium chloride. The strength of a soluti 
of acetone in water is indicated by the specific gravity of the soluti 
as shown in tlio following table :— 


Acetone, 

gr. 

pex* C(5IXi. 

at 20‘". 

100 

0*7020 

00 

0*7051 

OS 

0*7082 

07 

0*8013 

00 

0*8044 

Of) 

0*8075 

04 

0*8114 

03 

0*8133 

02 

0*8102 

01 

0*8101 

00 

0*8220 

80 

0*8248 

88 

0*8270 

87 

()*83()3 


Acetone, 

Bp. gr. 

per cent. 

at 20^. 

80 

0*8331 

85 

0*8359 

84 

0*8387 

83 

0*8415 

82 

0-8442 

81 

0*8470 

80 

0*8498 

75 

0*8013 

70 

0*8755 

(55 

0*8875 

00 

0*8095 

55 

0*9103 

50 

0*9205 


The Holvent power is extnanoly great and covers a very wi 
range of Hubstanocs. All animal and vegetable oils are soluble 
all proportions and all essential oils. Mineral oils are, however, or 
slightly soluble. It is one of the few solvents for the linoxyn form 
by ‘‘ drying of v(‘g(*.tal)Io oils. Rosin and soft resins 
(ujinphd^’ily solubh^ and hard and fossil resiixs arc soluble to a gre 
although not eonipletely. Shellac is soluble to the extent 
ov<u' HO p(u* e(uit. Synthetic resins arc not, however, soluble 
a(^et<)n('. (Runs a.re only sliglitly soluble. According to R. 
Reuben-,1 the pen-eenitage of various i)it(‘.lK‘s and waxes dissolv 
by acidoiu^ is as follows : — 


(tya,I”t.a,r pit.ch . 

. 70 

Beeswax 

. 1)4—1 

(dlsonib^. 

. 25 

(^arnauba . 

. 3(5 

Syrian asplmlt . 

(5 

Ozokcu’iU^ 

. (59 

'‘rrinidad pitc-h . 

. 42 

(lanchdiila 

. 99*8 


Witli ih<^ <nxe<‘j)tion of amyl and butyl ae,etai(\s, acetone forms t 
niost solvent, for (cellulose osiers, (Cellulose nitrate, acetate ai 

<u»lluIoid are all fnn^ly soluble, and it is employed large^ly in t 
pn^paraiion of cu^llulose varnislu^s and latxpiers and tlu^ manufactxi 
of aeu'oplane dopes. 

On account of its great solvent power for resins and oxidise 
oils, acedoxu^ forms one of the [)rincipa.l ingredients of most neuti 
paint nunovers. It sofbuiH a hardened film of paint and varnish wi 
great rapidity, but its value in this coinxcKttion is soniowhai restrict 
by its extreme volatility, the surface hardening again in the course 
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a few mimites unless it is operated upon immediately after application 
of the solvent. 

It is largely used as a solvent for cellulose in the manufacture 
of explosives such as cordite, artificial silk and celluloid. It is 
employed in many other industries as a solvent and extracting agent. 
It forms the raw material for the production of many other organic 
comj)Ounds, notably chloroform and iodoform. It is also used largely 
in the laboratory as a solvent and extracting agent. In the analysis 
of varnishes Morrell ^ has described a method of separating poly¬ 
merised oil from ordinary refined linseed oil by means of acetone. 

Determii^mtion of Acetone hy Messinger^s Method, —^To 60 c.c. of 
distilled water add 6 c.c. of the solution to be tested and make up to 
100 c.c. with distilled water, shaking thoroughly. This will give a 
5 per cent, solution. Place 5 c.c. of double normal solution of soda 
hydrate in a 200 c.c, flask, and add exactly 1 c.c. of the 5 per cent, 
solution mentioned above from a pipette, keeping the end of the 
pij)ettc below the surface of the soda solution. Shake gently and 
add slowly from a pipette 25 c.c. of iV/lO-iodine solution. Shake 
the flask whilst the iodine is being added, and allow to stand for 
5 minutes in the dark. Then add 5 c.c. of dilute sulphuric acid, 1 part 
acid to 4 par*ts water. This liberates the free iodine, which should 
then bo immediately titrated back with 2V/10-sodium thio-sulphate, 
using starch solution as an indicator. 

The number of c.c. thio-Bul]>hate used, subtracted from the 25 c.c. 
of iodine used, inullix)lied by the factor 0*90672, and this multiplied 
by 2 will give the grams of acetone in 100 c.c. 


Acetone Oils. 

The residue from the dry distillation of crude calcium acetate 
after sox)aration of the acetone is a dark liquid of extremely complex 
and variable comjmsitiou, containing methyl ethyl ketone and 
other ketones, aldehydes, and various condensation products. It 
is sox^araiod by distillation into two fractions :— 

Light Acetone Oil, coming over between 70° and 130°. 

Heavy Acetone Oil, coming over between 130° and 270°. 

The latter is a non-volatile brown liquid of high viscosity with an 
unpleasant and x)erBistont odour, sometimes used as a denaturant 
for alcohol. 

Light acetono oil is a pale straw-coloured liquid of low viscosity 
coritaining methyl ethyl ketone as the principal constituent. This 
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is a very powerful solvent of the same class as acetone but strongs 
It dijEfers from acetone in its much slower rate of evaporation ai 
in being insoluble in water, and is used as a solvent for some industr, 
purposes. Its value as a solvent is, however, considerably d 
counted by the objectionable odour and the wide variations 
composition. Different consignments vary both in their physic 
data and solvent power so that its use requires continual suporv'isi^ 
and adjustment. The following examples, taken from a large numlb 
of actual deliveries examined, indicate its physical properties :—- 



Samx:)lo 1. 

Sample 2. 

Sample 3, 

Colour . 

Lemon-yellow 

Lemon-yellow 

Light ainb(‘r 
Noixtral 

Reaction . 

Neutral 

— 

Water content i)er 
cent. 


1-6 

3 

Specific gravity . 

0*84 

0-87G 

0-844 

Initial boiling xooint . 

70^ 

71^ 

66^ 


Distillation, 
range (%). 

Sample 1. 

Samx>lo 2. 

Sainx)lo 3. 

70^— 80° . 

80°-—100° . 

100“—120“ . 

120“—130“ . 

130“—140“ . 

Over 140° . 

22 

32 

24 

7 

5 

10 

} 5G 

3G 

G 

2 

0 

70 

1 22 

8 


Methyl Ethyl Ketone. 

Methyl ethyl ketone can be obtained in a state of teclmical puril 
by fractional redistillation of light acetone oil, which yields on tl 
average GO per cent. It is also prepared by distilling a mixture < 
barium acetate and barium propionate, according to the rcactioji 

(CH3)2-COOBa + (C2H^).yCOOBa = CHy-CO-C^H^ + 2 BaC 03 . 

Like acetone, methyl ethyl ketone is soluble in water. It is ratln 
superior to it in solvent power and has the advantage c^f having 
slower rate of evaporation and a higher flash point. It boils at fro] 
70° to 82°, and has a specific gravity of 0-808 at 20°. A good samp 
is perfectly clear and practically colourless and should contain n< 
more than 0*01 per cent, of organic acid or 2 per cent, of wate 
and be entirely free from aldehydes. It should leave no trac 
of tarry residue on evaporation. It is employed on the continei 
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as a denatnrant for alcohol, the similarity of boiling points making 
separation by fractionation nearly impossible. 

At the present time, this solvent is practically unobtainable in 
this country as the supply from wood distillation on the continent 
is all absox'bed locally. 


Methyl Acetone. 

"“This solvent is obtained as a by-product in the preparation of 
acetic acid, methanol and acetone by the destructive distillation 
of wood. It is of complex composition, consisting mainly of acetone, 
methanol and methyl acetate. 

Tbo proportions in which these are present vary very considerably 
in the products turned out by different distilleries, according to 
th<3 con<iitionB under which the refining of the crude product is 
conducted. They also vary in the same works from time to time 
according to the relative demand for the various constituents. 

In the fractionation of the crude wood alcohol, market conditions 
determine how much acetone and methyl acetate are separated out 
as individual products, how much is left in the refined wood alcohol 
and how much is left in the residual methyl acetone. 

Thci i)i‘oportion of methanol may vary from 30 per cent, to 85 per 
cent. 

H. W. Haines gives the following as the average composition :— 

AocUmo . . . . .35 per cent. 

Methyl acetate . . . . 25 „ 

Methanol and minor ingredients . 40 ,, ,, 

itu‘tliyl acetones produced on the Continent, however, is 
\isuaUy higher in acetone, the average range of composition being as 
follows : — 


Ac<d;onc (log(‘iher with minor ketones) 
Methyl acetate (and allied esters) 
Meiltanol . . . . . 


50—55 per cent. 
20—30 ,, 

20—25 „ „ 


A typical saini)lc gave the following :— 

Acetone.45-05 per cent. 

Mc^thyl acictato . . . . • . 21-46 ,, ,, 

Methanol 32-09 ,, ,, 

Minor constituents . . . • • 1-40 ,, ,, 

Methyl acetone should be practically neutral, the acidity, calcul¬ 
ated as acetic acid, not exceeding 20 parts per million. When 
8 
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properly prepared the colour is clear water-white ajid it should 
quite anhydrous. 

According to tho composition the boiling point varies over a rai 
between 60° and 70°. 

A good sample will show a di-stillation range of 00 per ce 
between 60° and 60°, with an end-point not exceeding 70°. I 
specific gravity varies in a similar manner from 0-840 to 0-860. 

Methyl acetone is an extremely useful solvent for many puri«) 
on account of its comi)OKito nature. Hjero are many suhstan 
which are only completely dissolved by tho c(»ml>ined action of t 
or more difiorent solvents, in either of which tluty arc! only partia 
soluble. Some grades of ocllulo.so nitrate, for ('xampk^, are nx' 
readily dissolved by methyl acctoim than any of its con.Htituents. 

In America, it is largely used as tho active constituent of pa 
removers diluted with benzol or white spirit and thhdtemal with v 
or soap in tho usual manner in oxxlcr to retard eva[)oi'ation. 

The proportions of the three j[)X'incipal ingredix-nts is d(4.ermii 
thus:— 


Acetone—^Messingcr method (page 111). 

Methyl acetate (see page 122). 

Methanol—Verloy and Bcilsing method (pagex KHi). 

B.E.S.A. specifies three grades of methyl acetone according 
the solvent power for cellulose acetate com[>ared with that of p 
acetone. Tho method of determination is given as follows :— 

“ Six grams of cellulose acetate (Air Board Spx'cilication 1). 6 
to be dissolved in 100 c.c. pure dry acetone. A similar solutioi 
to be made using tho material under examination as solvent, 
measured volume of each solution is to bo taken and a.lcoh()l (Spe 
fication D. 9) is to bo rxm in slowly from a bundtxx. Tlu-i mix 
vessels are to bo kept immersed during this operation in a const, 
temperature bath at 25°, and well shaken. The alcohol is to I)o ath 
until a faint permanent opalescence is obtained in (-.ach v<^hs«-1. 

“ Tho ratio between the volumes of alcohol required in tlus t 
solutions, reckoned as a percentage of that reqxiircd in the p 
acetone solution, represents the solvent power of tho material un 
examination.” 

The solvent power specified is :— 


Grade 1: 66, compared with pure acetone 100. 
11 : 50 
„ HI: 30 
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B.E.8.A. Specifications for Ketones (see page 140). 



Acetone. 

Methyl acetone 
(Grade I). 

Methyl ethyl 
ketone. 

Koforoneo . 

Z/t). 22 

D, 2 

2I>. 1 

Date .. 

November 1920 

January 1918 

November 1920 

Colour. 

Colourless 

Not specified 

Paint yellow 

gravity. 

0.796—0*801 


! 0*801—0*815 

Itc^fraciivo index -.. 
Distillationrange: 95 

Not specified 


1*3790 

por cent, between 
HoHiduo on ovapora- 

65° and C0° C. 

50° and 70° C. 

70° and 81° C. 

tion . 

0-01 por cent. 

0-01 por cent. 

0*01 per cent. 

Acidity not above . 

0-01 

0*02 

0*01 

Alkalinity not above 

0-01 

0-02 

0-01 

Moisture .. 

none 

none 

none 

P^^onanganato t^owt. 

10 minutes 

— 

— 

Koton<^ (‘-ontent. 

97 por cent, 
(eale. as acetone) 

55 per cent, 
(cale. as acetone) 

100 per cent, 
(cale. as -ke¬ 

tone) 

Solv<’!ni pow€^r . 

Preodom from 

100 

G5 

— 

higher ketones ... 



No separation on 
mixture with 

water 

Solubility in NaCl - 



Not above 1 per 
cent. 


Cydo-he ranone. 

This iH a syutliotic kotone derived from hexalin by condensation 
thus — 

H H 

[i/\rr 

1h-oi£ 

H H 

Hexal In, Cyclo - hexanone. 

It is prc’spiired by treating hexalin with chromic acid. It is very 
similar to hexalin in its properties but has stronger solvent power. 

''Fho physical data of cyclo-hexanone follow closely those of 
hexalin, the boiling point ranging from 155"^ to 165° and the specific 
gravity from 0'9.‘5() to 0*950, according to the purity of the sample. 
The flash point is 64°, 

Ether. 

Kthers are derived from alcohols by combination of two mole- 
cmles with elimination of water. In ordinary technical work the 
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name implies the most important member of the group, ethyl etlie 
which has the composition— , 


C,H 
O^H 

It is produced by distilling alcohol with strong sulphuric acid, whic 
combines with the water, allowing two radicles to unite. It-^ws 
proj)ared in this way as far back as the sixtec^nth ciontury. 

It was supposed, bcfox'c the days of systematic chemistry, tin 
the cth(>>r was derived from the sulphxxric acid in this procciss. Jlein 
the name ‘‘ sxdphuric other/' still sometimes aj)plied to it, whi( 
shoxxld be regarded as obsolete. 

llie sulphuric acid first attaedvs one molecule of alcohol, formii: 
ethyl hydrogen sulphate, and tiiis reacts witli a second molecul 
forming tether and water aind ix'lcasing tlie sulphuric acid h 
farther action, so tha.t a small quantity of acid is capable of coi 
V(n*ting a largess quantity of alcohol. la practi<*.e, further rcaictioi 
take j)lace, with the formation of various impurities, which a 
removed by treatment with alkali, separation with water ai 
redistillation. 

Ether is a (dear white, (^xtreimdy limpid liqtud, exccMKling 
volatile and inflammable and having a charactcu'istic plcuisa/i 
odour. It boils at 35'’ and freezes at —129". ''Fho specdfic gravity 
0*7195 at 15". 

Tt is soluble^ in 11 tinu^s it-s V()Iunu‘ of wa.Un’ and th<^ (‘ommt'rci 
product usually <;<>nta.ins a tra<H^ of water, which is soluhk^ in tl 
etlun' to the; (*xt(mt of I part in 35 part.s. It also giMU'ra-lly (iontaii 
a residual of uiu^onviuted al(H)hol. standard of tlu'j Briti.** 

Pharma{;op(xda is 92 p(‘r cent, purity, the sptxulic, gra.vity of ih 
ixxixturc'^ being 0*735. Ethcsr mixess in all proportions with aJcH)h( 
chloroform, Ixmztaie, pc'troUnim <listillat(\s and a,11 <>tlu‘r orga-n 
solvetiis and with all mincu’al and vc'^getable oils. It dissolvx\s fa 
and waxes, but resins are only soluble in it to a limitcsl ext(U] 
Owing to it>s extrtune volatility, ether is not often used as a solvei 
in industrial preparations. Jn combitiatiou with alcohol it forn 
a good solvent for collulose. This combination is too volatile f 
use in cellulose varnishes but is emjxloycd in the manufacture 
collodion and exx)losives. Ether is largely employed in the paii 
laboratory as a solvent for the separation of the pigment and vohic 
preparatory to analysis. Its extreme volatility combined wi 
solvent power rcixdcrs it particularly useful for such purposes, as- 
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enables separation to be obtained qnicHy and the pigment to be 
obtained quite dry. 

Methylated Ether is an impure form of ether obtained by the 
dehydration of methylated spirit instead of pure alcohol. 


Kefebences. 

^ »/. of Industrial and Engineering Chemistry. ^ 1915 , p. 105 . 

» H. W, MaincH in “ Volatile Thinnors,” by Q. H. Pickard, p. 67. * B.E.S.A. 

(hch^ p. 140), D. 2, January, 1918 . 


Genebae Refebekoes. 

T. JTawl<^y, ‘‘ Wood DiKtillation ” (Monograph. ISTo. 13 of the American 
Oliomical Socioiy.” P. DumoHnoy and J. Noyor, “Wood Products, Dis- 
t.illaioH and .ExtxwdB.” H. M. Bunbury, “ Destructive Distillation of Wood.” 
M. Klar (trariHlation by Alexander Rule), “The Technology of Wood Dis¬ 
tillation,” 11)25. 





CHAPTER VI 
ESTEK^ 

Of l.hiH flaKrt <»f organic compmindB, formed by the action of 
organic acid on an alcohol, wlu^rcby the two combine with olimii 
tion of water, the primnpal meinberH iiBcud awHolvonis are the acetat 

or c'Hti'fH, of tho monohydric alcohol*^. 

I vnivTH arc (du<dlj UHe<l m HolvontB in the preparation 
viMxilimi^ varniHhcH and lac^iuern; aw a clanR they arc not go 
«(jlv<*ntH for nainral rcHiiiH. 

Acetate. 

1 h(^ first incnulx^r of tlu^ Hcnies is derived from methyl alcoli 
and has the eomposif ion It is prepared by distillij 

the fd<’ohol ovw ealeium or sodiumi iUHdiat(*s in proBcncc of Bulphui 
m*Ul, It Is prodms^d (‘hi(‘fly as a by-product in wood distillata 
togeth(*r with incdhanol and a(‘<‘t.oiH% a-nd is (utlu^r sc^parated out 
tie* pun‘ state' or rnark('t<'d as methyl acetom'. (see page 113), accor 
ing tot he dt'mand. 

'fhe felhaving ainalysc^s ef t wo samph's of nu'thyl a.(U'ta,te may 1 
regnrdnl as typieal : - 


{*< iltHir.. 

if lit le . 

Ai’ttlU y l 11 . nr«’f ii’ iLi’id) 

Ii<^'snlu<’ < *u r'\’n| >t >r;it i< HI . 

I >if.t illnt a »n rnui^H • : 

f»:v' aa . 

♦ >i% *>7 .. 

»»7 * *»*J . 

of mrthyl nootatc' 

d'iie priiK’ipal impurity in <*omm(‘n‘ia.l sa.mi)I(‘S is nudlia-no 
Methy! aet'tnle lias only a, faint. <><l<)iu% r(‘S(‘ml)ling t.liat of nK'tJia.m 
to whieh a. small quantity of am\‘l a.e(‘ta.t(' has Ixsai addcsl, tJi 
ehnra(’t(*risf it* ptsu* drop snu'll <»f t h(' Ia.t.(<‘r Ix'iug only fa,int.I 
iU nadoped. It is usisi prin<*ipally in th<' prepa.i*a.t.ion of ad'roplan 
dojie, and large <{uantiti<'s wt'rt* pnqxinxl for this purjxise during th 
war. It is fns*ly Ht>Iub!(' in watm' and liable to chx'.omposition h 
liydroIysis> acdtl btang stdf fnxs 

h'thi/l AcetOrte, 

This is also knowii as A(x»tie Kth('r and is formed by the actio 
of acetic acid on alcoIioL It in nsually prcqiarcxl by distilling dr 

tin 
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sodium acetate and alcohol with sulphuric acid, the sodium acetate 
being placed in a retort and a mixture of alcohol and sulphuiic acid 
run ixi slowly. The retort is then heated by steam, when the ester 
distils off. The crude distillate obtained is shaken with alkaline 
water and the ester decanted off, shaken with a solution of common 
salt to remove any residual alcohol and dried over carbonate of 
potash. 

It is a colourless liquid with a faint ethereal smell, like an ex¬ 
tremely dihxte sohition of amyl acetate. It is miscible with alcohol, 
other and chloroform and moderately soluble in water. Like the 
alcohol, it is hygroscopic, and the absorbed water reacts with the 
ester, decomposing it into alcohol and acetic acid. 

The commercial product is often very impure, containing any¬ 
thing from 30 to 00 per cent, of ethyl acetate, the balance being 
alcohol, free acetic acid and water. It is also frequently adulterated 
with benzol and other cheaper diluents. 

An average composition for a commercial product of good quality 
is :— 


Ethyl acetate . 

85 per cent. 

Alcohol ... 

. 14 

Water ... 

1 ,, ,, 

Acetic acid 

. . * 0*03 ,, ,, 


This will show a distillation range of 70^—85° and a specific gravity 
of O*80:i—0*805. 

Ethyl iiQoU it (3 is largely used as an ingredient of fruit essences, 
etc*-. It is also a moderately strong solvent and dissolves most 

resins. It is a solvent for celliiloso nitrate, but on account of 

it,s hygroscjopic na.turc it is not of much value for the loreparation of 
c(01ulos(^ Ia.e(|U(a's for jncial, as ilic acetic acid sot free by the action 
of tlu3 walcM* a.tta.cks the metal, causing discoloration. 

If used a/S a solvent for lacquers it is also liable to cause blush¬ 
ing ’’ owing to its rapid evaporation. It is claimed, however, that 
this defect is entirely due to the impurities in the ethyl acetate. A 
pure anhydrous cu)inpound is produced in America and also in 

CJoianany which is claimed to be very much more satisfactory as 

a solvent. This has a boiling point of 78 . 

The solvent known as ansol ’’ is a mixture of absolute alcohol 
and anhydrous ethyl acetate which is claimed to be capable of dis¬ 
solving all rosins and to bo free from the tendency to cause 
blushing ’’ in cellulose varnishes and lacquers.^ It is somewhat 
•difficult to understand how the anhydrous condition is maintained 
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ill Kuc?li a mixtnTi\ (uaiHiek'ring the hygroscopic nature of both ii 
grtulieiits. 

Hiitf/l Areiale, 

This solvent in (if C(iinparatively recent intniduction and 
(dosely similar in its projxultisH and reacdionn to amyl ac(d/ate; th 
odour of the two is pracdicsilly i<hmti(uil and owing to its lower prk 
Inityl iiiudait* is Honnd*imeH Hupplusl for amyl acetate. It is prepart% 
fiy din! tiling butanol over <*ahdinu acsd^ates in prescniee of sulphnii 
acid, whendiy tlu^ aleohol in eonverted into the ester by tlie nascen 
aeetit^ a(‘id fornunh It is also pn^.pared by the dircait action c 
glaehil aeetie arid on ih<^ ahuihol, geiuunlly in pn^senco of a sma 
(juantity td phosphorite acid, Th<^ pliysieal data arc :~ 

(*olour . . . watcu*" whiter 

HpiMofie gravity . 0-S70 to 0-873 at» U) 

Aridity . . . not- (*xr<‘(‘ding 0-03 [iiu’ cent, calculated a 

acet ie a-eid. 

The eonum*rrial arti(‘l(‘ a.vt‘rag(^s 85 peu’ <umt. of htityl acetate’ 
It is anh\drHtts. a. good sample mixitig in nJl proftortions wit»l 
hrn/*eiie without c*h»uding. 

A t vpieal sample gavt* th(‘ following dist.illation ra.ng(i : — 


Hriou 

107 

noius 

107 ‘ 1 

:!o 

•|0 p(S' (‘(‘nt. 

r.:o' 1 

35 

55 ,, 

Hf .i< iu< 


3 ,, ,, 


Ihitike the r-^tef! of the lowta* ah’ohols, hut.yl a.cs'ta.tis is onl;^ 
f4ightl\ iohibh- in wat«‘r (O-O volunu' is dissolvtsl in loO volumes o 
jit er). 

Hitt \ I urrfate is a [iowerful sol\'<ait< and oiu' of t<h<‘ Ix^st* lor a-1 
t \ p«^s of ('rlluioao inclutling {s‘IIulos<‘ nitratt(\ <*(‘llulose a.<‘(4at<‘ a.iu 
eetluloiil. It 14 an exerllml s(4veii(- for tin* j)urpose, as it- is iuttu' 
mniiale in rate of evap<a‘ation lH‘tw(ssi ('tliyl and a.iuyl a.(H4fa.i(‘s 
Itn rate erf e%‘nporati<at is suni4a(‘ntly slow to peuanit- the lilm to llov 
Htiioolhfy and allou for the (evaporation (d moistatns It- tlu'ndon 
gives a elear smooth lihti without any tend<uu*-y to blushing, 
litditg non hygroHe(»pit\ it is <pnt(' stahk* in solution and dtK^s not 
tend to d(»V(d(*p 4 Ui arid nsudion. 'The tmormous ivxpansion of tlu 
use of (udluhxHi* huapKU'H has larg<*ly Ixaui riuuUu'ed posHi!)k*. hy tlu 
introduidion of butyl aetdate on a eoininer<*iai scaks before iti- 
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advent the production of this type of lacquer was dependent on the 
supply of amyl acetate, which was itself dependent on fusel oil; the 
supply of this is limited and uncertain, whilst the composition is 
oxtromoly variable. 

Butyl acetate of uniform composition approximating to 98 per 
cent, purity is available in quantities only limited by the supply of 
the butanol from which it is prepared, and has largely supplanted 
amjd acetate. It is estimated that over three-quarters of the total 
production of butanol is converted into acetate at the present time. 
It is also used as a solvent for synthetic resins. The solvent power 
of the esters for synthetic resins of the phenol-formaldehyde type 
decreases with the complexity of the molecule. Thus butyl acetate 
is a bettor solvent than amyl acetate, but not so powerful as ethyl 
acetate. 


Armjl Acetate. 

This was introduced as a solvent in 1882, when J. N. Stevens 
took out a patent for its use for the preparation of cellulose nitrate 
solutions. It is prepared from fusel oil, the usual method being to 
mix 100 parts of anhydrous sodium acetate, 100 parts of commercial 
ainyl alcohol and 130 parts of concentrated sulphuric acid, allow the 
mixture to stand for about 12 hours for the reaction to take place, 
and then distil. It is purilied by shaking with water to remove 
Hohiblo iin[)uritics a,nd ro-distillcd. 

''rh(*oreti(‘<ally, eight isomeric forms arc possible and the propei“ties 
of th(’) aceta.t('. vary according to which of these alcohols is used. 
Th(^ commercial preparation is usually derived from iso-amyl alcohol. 

On account of the variation in the raw material (see amyl alcohol) 
thi) composition of amyl acetate is not very uniform and it is often 
far from pure. It is a; colourless liquid with a characteristic and very 
petietraiang etluMoal odour resembling pineapple, which is pleasant 
in small coiK*entrati(jn but becomes quite overpowering if one is 
oxpos<Hl to strong concentration of the vapour for a long period. It 
is not highly inflammable, the Hash ])omt being 77'^ F. 

Amyl alcohol in the acetate can be separated and determined by 
shaking the sam[)lo in a graduated tube with a mixture of equal 
volumes of glacial acetic acid and water. This dissolves amyl 
alcohols but not tlic acetate. 

Amyl acetate differs principally from the butyl ester in having a 
higher boiling point, 148^ and in evaporating more slowly.’*' For 

*** The specific gravity is very close to that of butyl acetate, averaging 
0"875. 
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mcmt it^clmical purponoH tlu^ two aro equivalent, apart from variatic 
in »t.nntgt-h a.n(l ptiriiy, wlii<*li a^re more marked with the amyl tl 
with the*! butyl It in cmiployed in the name way an hu 

lu^etaie, hm a Holvtuii for c»(^I1u!ok(^ and alm> an an odorinor, added 
Hinall <pianttti(*H to fruit vmoiiQW, etc*.., to impart itn characteri^ 
Hinell. 


/<j>eciftc<Ui(mH far Acetic PJMers (nee page 140), 



JV1«4hyl 

Ethyl 

Butyl 

Amyl 



acH^tatc. 

acc5iat(\ 

acot.at(v 

Rsfrnau't'. 

I). 13 

1). 19 

2 1). 4 

2 1), 3 

IJato . 

Dftr. 1317 

May H)IK 

Noviunlx^r 1920 

Nov('i!nlK^r h 

(*(»ltair . 

( t)lourl<'HH 

( 'oIoUrlt'HK 

OolourlmH 

OolourloBft 

ily 

Uintillntiou raaii'ta 

(Hm) U*!M2 

(hHm - 0-905 

0-875 - 0-880 

(>.H70—O-H': 

U5 jH’r (rat. Im*- 
t/Wt-t-n ... 

55 ‘ ani! CH ' 

70" and H(t* 

1 Uy^ and 130“ 

125^^ and 14 

oa eYap<»ra- 

t.ian, not, aha\ . 
A(a«iit.\% rnIrulHt<*U 

(MlI p(‘r aoat. 

O’UI per 

0-01 p<‘r c<uit. 

0-01 per cor 

ftM luiat it’ at’ttl, not 
abtivt^ . 

e-i „ 

O’l 

0-01 „ 

0-01 „ 

JMoihturt' .. 

noat^ 

aou<» 

ll0U<^ 

iioiu^ 

Knt ta* t'taitt at not 

Itwi Maui .. 

jSolvoaf. powt’r (am 

HU par aant.. 

90 pt'r coat. 

87*5 p<H* crnit. 

t)() pc'r cent 

pa^:** fbf) . 

7(5 

Not Hpt'cilu'tl 

Not HpccJla-d 

Not BpcHuik 


TIk' (‘stt‘r <‘<>n(('nt is dot<‘rmin(‘d by t'b<^ following iiU't-hod :— 
AbtHd- I gtn, of tJu^ ina.((‘rial is weiglu'd into a- snia.Ii ta.r<Ml in 
anti th(' (ulx' and its conttaits an*! iniin(‘diat(‘Iy Iransfca'rtal to 
flask eontaining 25 (*.<•. of approxiina.l(‘ly A/2-aJeoholie ciaustac ho 
HohditJU. A watrraa>ol(*ci r<‘ilnx is fitital to ih(^ ftawk, and the latt 
luxated for oat* hour on a. \va,f<a'-ba.t-h at 100 ", at th<‘ (aid of whi 
p<adod tla^ condtaista* is rinsial with ixaitrad distilkal \va1<<a*. Alt 
(’OoUng, lilt" flask is nanovaab arid the: cainUaits ar’(‘. titnittal wi 
4 V/ 2 «h 3 alro(ddorae. acid, using pluaiolphthahan a.s indicaitor. 

A blank didtaanination is nia-do on the afooholic caustic bo^ 
under sinular cauiditions. 

OiKi c,e. of 4 V/2 avid is (apuvakait to 0-037 methyl ac(datc. 

,, ,, ,, 0*044 cth 3 d acetate 

„ ,, ,, 0-058 butyl acetate 

,, ,, ,, 0-005 amyl acetate. 
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Hexalin Acetate. 

Hexalin (page 105) can be esterised by treatment with organic 
acids in the same way as the alcohols of the fatty hydrocarbons, 
and hexalin acetate has been used in Germany as an alternative to 
amyl acetate when the supply of the latter failed. It has great 
j^ossibilitics as a solvent, as it has a greater solvent power for cellulose 
niirhtcs and acetates than amyl acetate and dissolves freely both 
natural and synthetic resins. It is a liquid of a slight straw colour, 
with a higher boiling point and a slower rate of evaporation than amyl 
acetate. Unfortunately, it has an extremely penetrating and per¬ 
sistent smell, which is unj)lcasant even in low concentrations, having a 
peculiar bad fruit*' quality quite unlike the pineapple flavour of 
the ost(U’S x^roviously described. Prolonged exposure to the vapour, 
even in low concentration, has a distressingly irritating effect and 
causes persistent headache. Opinions differ, but in the present 
writer’s opinion it can scarcely be regarded as a suitable solvent for 
industrial preparations, except in very small proportion, on this 
accotint. The physical properties are :— 

Boiling point 
Specific gravity at 20^ 

Refractive index 
Fla-sli point . 

Ethyl Carboriale. 

"riio etliyl ester of carbonic acid, having the composition :— 

>0 0 , 

has been known in the laboratory for many years, but has only been 
produced on an industriu-l scale quite recently. It was originally 
made by treatment of silver carbonate with ethyl iodide and is 
prcj[)aixHl on tlu'- largo scale by synthesis from alcohol. 

it is closely similar to ethyl acetate in its luoperties and decom¬ 
poses in presence of water in the same way. As this decomposition 
results in the liberation of carbonic instead of acetic acid, it has the 
advantage over ethyl acetate of not being liable to react with 
metals, and it can bo used as a solvent for metal lacquers, as it is 
an excellent solvent for both cellulose and resins. It has a boiling 
point of 126^ and only a faint ethereal odour similar to that of the 
acetate. 


165°—180^ 
0-965—0-970 
1-438—1-439 
64° 
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Ethyl Lactate, 

This is prepared by the action of commercial lactic acid, obtainc 
by the fermentation of waste sugar, distillery-wash, etc., on alcohe 
It has the composition :— 

OHa’CH-OII-COO^CgHg (ethyl ester of hydroxyproj)ionic acid). 

It is a mobile liquid with a very slight colour and a pcculii 
ethereal smell which causes a mild tingling effect on the nose, 'll 
physical properties, according to H. A. Gardner ^ arc:— 


Specific gravity . 
Initial boiling point 
Distillation range 
Flash point 


1‘03B5 

125 " 

08 per cent. 144" to 15ff 
117"F. 


It has therefore a higher boiling point than any of the acot 
esters. On this account it lias been recently introduced as a slo^? 
drying solvent in the px'oparation of cellulose varnishes. Gardn( 
finds that it produces a relatively more viscous solution than but; 
acetate and that the solution is more stable, standing dilution wit 
three times as much benzol as the butyl acetate Bolution licfoi 
separation takes place. 

Experience varies as to its value as a solvent; B. R. Tunison 
considers that it is one of the most useful solvont-s for cellule.^ 
obtainable. Other cxporinionterR, however, have experienced difl 
culty with its use and find that it has a pronounced tendency t 
cause orange-iiccl effect and ra])idly hydrolyses in prcBcnco ( 
moisture. 

Probably the suggostif)n made by Gardner is correct, that i 
should bo used in relatively small amounts in combination wit 
other solvents. 


Butyl Propiotiafe. 

This is a high-boiling liquid, distilling between 140" and 145' 
which is used when a higher-boiling solvent than amyl acetate i 
required. 


Formic Esters, 

These are produced by the esterification of alcohols with formi 
acid in the same way as the acetates are produced with acetic acid 
The series of esters thus formed are closely similar to the correspond 
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ing acetic esters in their properties. The following are used to a 
limited extent as solvents :— 



Boiling point. 

Specific gravity. 

Methyl fonxiato . 

ICihyl fonnato . 

Bui^l formate . 

Amyl formate . 

32° 

64° 

98° 

110° 

0*974 

0*925 

0*885 

0*881 


Hpecjilications were drawn up by the British Engineering 
Standards ABSociation during the war,^ but the materials are now 
rar(4y called for. 

Rkiteiienoes. 

^ D. B. K(\ycH, Painty Oil and Chem, Review, 1926, 79, p. 22 ; Oil a7%d Colour 
1025,8,1). 224. “ “EthylFormate,” D. 14, Dec., 1917. 

Bu(.yl Fonnuto,” p. 21, May, 1918. “Amyl ii’ormate,” D. 20, May, 1918. 
'* 1.1. A. (^anliK^r, CircAilar No. 225, Paint Manufacturers’ Association of U.S. 
^ B. It, TuniKon, iJhc.m. and Met. Eng., 1925, 32, p. 93. 






CHAPTER VII 
CHLORINE DERIVATIVES 


By the substitution of hydrogen by chlorine in varioxis momb< 
of the paraffin and olefine scries of hydrocarbons a number of tiaoi 
solvents are obtained which form a group having the same gcuic^] 
characteristics. These diJfler in the following respeeXs from those 
all the other groups of solvents previously eonsidcred, the*! differed 
being mainly due to the content of chlorine. 

1. High specific gravity, lu^avier tlian water. 

2. Low inflammability; in most cases coinplctc^Iy nc: 
inflammable. 

3. Low heat of vaporisation, resulting in extrt^mo volatility. 

4. Pronounced anaesthetic properties aiul in somc^ cases dangarc: 
toxic effects. 

5. Liability to decomposition with formation of hydrochlo 
acid. 

The first throe of these distinctive^ profKU'ticNS, etombincHl with t 
fact of their high solvent power for a vesry wide^ raiige^- of orgai 
substances, render this group of great value for many industr 
purposes. It is unfortunate that their usefulness is discount 
for many purposes by the pronounced toxicity. Won'! it not 
this they would undoubtedly take the first rank a-s industr 
solvents, particularly on account of tlu^. frcculom from ris 
A non-inflammable, non-poisonous solvent wotild obviously ho 
immense industrial value and the demajid for it is (constant a 
insistent. Unfortunately, no substaiu^e lias y(‘t Ixhui jirodm 
which combines these three ])ro])crtic\s of high solvent [lower, n< 
inflammability and absence of toxicity. 

Methylene Chloride, 

This is methane or marsh gas, CH^, in which two atoms 
hydrogen in the molecule have been reiilaced by chlorin(% giv 
the composition CH 2 CI 2 . 

It has a boiling point of 42*"’ and a specific gravity of 1-32. 

It is a water-white liquid resembling chloroform in geme 
properties, which is claimed to bo absolutely non-inflammaJ 
This is not strictly correct, however, although it is h^ss inflamma 
than dichlorethylene. A technical product which avc^a 
98 per cent, purity has been recently produced on an indust 
scale and introduced for use where a i:ion-inflammablo solvent 
low boiling point is required. It can bo used, for itistance, in pi 
of solvent naphtha, as it is a strong solvent for oils and resins, i 
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also for raw rubber. It evaporates very rapidly at a low teruperature 
and leaves no trace of residue. ^ xxxpeiaxiure 

It is a solvent for cellulose and can be used with advantage in 
cci am ypes of nitrocellulose varnishes to increase the flowing 

the Wever, suitable for 

p I ’'^*>'™ishes and lacquers for metal work, owing to 

xtH tendency to decomposition with formation of hydrochloric acid 


OMoro/brm. 

This is derived from methane, CH„ by substitution of three of 
.' bydrogon atoms by chlorine, the formula being CHCL. It 

several different ways, the original method discovered 

II cHwiil chloral hydrate with sodium hydroxide. 

ISy this iirocess the chloroform is obtained in a state of absolute 
])urity, but it is comparatively costly. 

(-oininercial chloroform can be obtained by the action of chlorine 
or bleaching powder on wood alcohol or alcohol. This is effected 
*y ^ 'frosting a inixturc of alcohol and bleaching powder solution in 
(lelinite projiortions at about G0°, and then distilling off the resulting 
prodiKit. ° 

At tlu^ present time, the bulk of the chloroform produced is 
o )ta.ined from crndci acetone. The acetone is diluted with water 
aiul ^i<i(lua.lly addcnl to a solution of bleaching powder, when the 
eldorination talu-.s j.lace in the cold. Trichloracetone is first 
form(‘(I, \vhi(^h is tiuui atbickcd by the calcium hydroxide set free, 

with t-h<^ production of calcium acetate and chloroform, the reactions 
b(‘iug ; - • 

2 ((dl,-(U)-(db,) I- 3(ta(OCl)2 = 2(CH3-CO-CCl3) + 3 Ca(OH)o 
2 (( Il.y(^(h(X%) I- (!a(OJl), =::= Ca(CH3-COO)2 + CHCI3. 
Various ol-lua* ni(‘tho(ls oi pn^pa,ration have formed the subject of 
patorits,* but they arc not. employed industrially to any large 
cxb'ut.. 

(loro form is a water-white li([ui(l of cliaractcristic ethereal 
odour. 1 h<^ sf)(‘eilic gravity is 1-4S at 15"^ and the boiling point 
bl . It soIidifi(‘s on cooling to —7<)'\ The refractive index is 
Th<‘ va-pour density, according to Livache, is 4*19. 

Its most ijuport/a^nt use is as a-u aucBsthotic, but it is also used 
largely as a Holv<mt. Jt is the most cflectivc solvent, for instance, 
for extracting the free sulplmr from pigments such as ultramarine 
and (aidmium sulphide’:, whore very pure sulphur-free grades are 
rQcpiirod for special ptirpoaes such as artists’ use. 
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It is also a solvent for rubber and gutta percha and most resi 
Only the hardest resins such as amber resist complete solution 
prolonged shaking with chloroform. It is only soluble to the oxtc 
of 1 part in 200 parts of water, but mixes in all proi)ortionB w 
all organic solvents and vegetable and mineral oils. Exposed 
any length of time to the light in presence of moisture, cldorofo 
is liable to decomposition with formation of hydrochloric ac 
For medicinal work, therefore, it is important that it should 
freshly distilled. The addition of a small quantity of aJ,)Holi 
alcohol prevents this decomposition. It is extromc^ly volatile a 
lowers the temperature to such an extent by its rapid evaporati 
as to cause freezing. It is practically non-inflammable, bxit can 
ignited with difficulty. 


Carbon Tetrachloride. 

This substance consists entirely of carbon and chlorine, t 
formula being CCl^^. It may therefore bo regardcul as tlu^ fii 
stage in the chlorination of methane, or chloroform in whi(;h t 
last remaining atom of hydrogen has been rcj)Iacod by c^hlorine. 

It is generally prepared from carbon bisulpJiide, cither by passi 
a mixture of chlorine and carbon bisulphide vapour throxigh a rt 
hot porcelain tube or by passing chlorine throixgh the liqxiid ' 
sulphide in which a little iodine has been dissolved to act as 
catalyst. In the latter case sulphur chloride is formed as a 1: 
product and the carbon tetrachloride is separatcicl from it by d 
tillation and purified in the same way as chloroform. A la.1 
patented process starts with a mixture of sulphur chloride a 
carbon bisulphide which is heated in presence of a metallic cataly 
preferably iron, when carbon tetrachloride and sulphur arc produc 
according to the reaction :— 

CSs H- 2S2CI2 - CCl^ + GS. 

These reactions form the basis of the continuous process of Cot 
in which the vapours of chlorine and carbon bisulphide pass ovei 
catalyst consisting of asbestos impregnated with manganese chloric 
The mixture of sulphur chloride and carbon tetrachloridci produc 
is mixed with more carbon bisulphide and heated in contact wi 
metallic iron. The sulphur chloride is then decomposed with t 
formation of more carbon tetrachloride which distils off, and fr 
sulphur which melts and runs back to an electric furnace, where 
is reconverted to carbon bisulphide and returned to be treated wi 
fresh chlorine. 
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Carbon tetrachloride closely resembles chloroform in appearance, 
odonr, and general properties. It is distinguished from it by the 
higher specific gravity, 1<629, and boiling point, 77"*, and by being 
quite non-inflammable. On this account it is largely used for dry 
cleaning of fabrics and as an extraction agent. At one time it 
was used as a “ dry shampoo ’’ in hair-dressing establishments, 
oblivions of its physiological action, which is similar to that of 
chl€>reform, but fatalities led to the discontinuance of this practice. 

Carbon tetrachloride is a solvent of the same order as chloro¬ 
form. Jt mixes with other organic solvents, is only soluble in water 
to a slight exte^nt and dissolves vegetable and mineral oils. It dis¬ 
solves most of the resins in the cold, but the hard fossil copals only 
dissolve with diniculty. In common with all the chlorinated com¬ 
pounds, it is not a good solvent for shellac. A mixture of equal 
parts (utrbon tetrachloride and alcohol will, however, dissolve shellac 
to tin’s extent of about 25 per cent. 

It is used to some extent as a solvent in the rubber industry, 
i\specially to replace naphtha and petroleum spirit in the preparation 
of I’uhbeu’ solutions which have to be transported any distance, in 
oi*<ler to obviate the fire risk. 

In (sont.a,ci with water it slowly decomposes with formation of 
hydroe.hloric acid :— 

(X1.J 1 -- 4HC1 -I- CO 2 , 

on 1 his a.ecount it ra.pidly corrodes iron vessels in presence of moisture, 
whit’ll is a great draw I jack to its industrial use. It is essential to 
use eitlau’ non-nutallic containers or lead- or tinned-lined vessels for 
its storagt^ 


(of Klliane and Ethylene, 

Tet rax’hlorcthane. lliclilorcthylene 

renta-ehloretlninc Trichlorcthylcne 

J Vr chi or ethylene 

The use; of tlu\s(^ I)roducts on an industrial scale dates from 
n.l)out ih<'. ycihv lOOh, when tlnur manufacture was introduced in 
Chu-maaiy by the (Xjnsortium fiir Elektrochcmische Industrie of Nurem¬ 
berg. Tliey were introduced into this country by R, W. Greeff, 
an<l about 1 90H (Uistav Roller came over from Germany and started 
their inanufaetairc for the Weston Chemical Co. of Runcorn. 

The first published account of their production and uses in this 

country is given in a paper by Kollcr.'^ 
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im 

Tha |H»int it% tin* prudiiHian of thin narioH in acHyle 

whn^h iH i^onihiiiatl witli ahli>riaa cliraei to form tetraahloratlo 
iu*a<jr<lin|j; ihv raartiiai : • 

(\n, i 

I'luiar ordinary aouditioiia two gHHOH combin<»t w 

vKphmlw violonta^ <m mixing* hoi by <*aridu! ragnlatam of ilio o 
dUiuoH i%H rt^garda lamporattire and {m*HHtiro, it i.s poasihlo 

urranga ho that t ho roaciitm takon jdaoo nlovvly* huo.oohm of* 

firoduotion «hi nn iintuhtrial noalo dojNoalH (m ifa^ otaitrol of ■ 
rt^aotion in tIuH tnannor, 

dVdratddorothano in otmvortotl into '^rritddi^rothyhmo on iro 
nuoii with Hlnlitul aorortling to tho rt^atdion : - 

i raVL i 2H,<). 

From t riiddorot liylono, Fori*hIcn*ot haiu* is pnahirod by fnrtl 
tddoriuafiiai* tln^ rraotinu Inang t*IToi»ttal b\* i\\pi>siiro It) ohlor 
giiH in prr;iont*o «»f a ratalynt, not*ording to tha iHjtialion : ” 

rjb’Lj ; (1. 

Tin i again on troafmont with liino ^dt^ldn Ikaa’ldondhyloiu^ : « 
2rdl(1., : t’atOH). 2( y \ 1 (i llllj) 

(hi furthrr toaitnnnif with rhloriia* in pn*H<aM*o of a <‘a.t-nlyHt i 
rail b(* tiiiaH\ oi»nvortod int<i Jb^xac’hkin'fhaiu% (y’l^* which if 
aulid firodiirt u an a non indariuuabh^ plasticiH<*r for cciluloHO. 

J hf/ilurt ihtjlt a*. d'ho (MoninonhaJ pnxluot. i.s not a. [fun’s Htibsia-n 
but a inixtiiro td two isoiutn-io <’oini)onuds with t.h(^ compositi 
(IjlbJ'l, in tho propivrtiou of appr<yxiina.ioIy thnn^-lifths of a ca) 
[M»uuii iHiiUtu': at (»(» and two fifths of on<^ having a hoiling j)oint 
IS . 'tho Inaiing point of tho liiixturo, t>h(‘rofons rarngc^s Ix'.iwa 
I lu\na two rxfroinrs* avoraging 52 . d'ho moan spcadfic gravity 
f • 27H at 15. 

It is a piiworful schviud, an<l its u.stdulnoss li<‘s in its low hoili 
point and ra[)id volatility* ^sanhiiusl with low iiifhiniuuihili 
h'or iioino ptirptfS(\Hi, HU<*h as t ht' (^xt-raidaou of sorni* dyc\s, p(‘rfunH\s a 
olhor organio suhstanoos* wliioh a.ro only staJilt^ at banjferatu 
hidow (ho lioiling point- of wator, a. solvanit- of vcny low^ hoiling p<> 
iH oHHont ial. Hindi solviuitH in g<uioraJ givi^ off a da.ng<a*ously 
llannnahii" vapour on i*vaporataon, whicdi is a siu'ious drawba-cdc 
oporations <m an industrial statlo. 

I >ichlond hylono is insoiublo in waU‘r !)ut niixcss wiili alcol 
froidy. A inixturo of industrial spirit and dichlorothyUnii^. forna 
usrful Holvont f(fr n^Hins such as shcdlac, whicdi is cousidcu’ably 1 
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inflammable than the pure spirit. It is not correct, however, to 
say that dichlorethylene is entirely non-inflammable. Above 36° F. 
it gives off a vapour which can be ignited, but the combustion 
absorbs heat and consequently cools the vapour so that the flame 
extinguishes itself, and it is not inflammable from the point of view 
of flro risk. 

It is a water-white liquid, with a smell resembling chloroform— 
which is characteristic of all the series—and anaesthetic in property. 
Although the vapour produces insensibility if breathed, this rapidly 
])aBses off on exposure to fresh air and no serious toxic effects result, 
i t is a strong solvent for most organic substances and in particular 
disHolvcs rubber very readily. It is a fairly stable compound, but is 
gradually decomposed on exposure to light in presence of moisture, 
liberating hydrochloric acid. On boiling with strong alkali it is 
dccom])OBcd with formation of mono-chlorethylene, which is an 
unstable cxx)losivo substance. 

TriclilofdlhyleYie, technically known as Westrosol,’’ is closely 
Kimila.r to dichlorethyleno in appearance and smell, but has a higher 
boiling point and specific gravity. 

It is a definite chemical compound having the constitution :— 

CHCl - CCI 2 . 

Unlike diclilondliylcnio, tlicreforc, it has a constant boiling point 
find th(^ comnun-cruil j)ro(luct sliould distil completely within 1° of 
87'Fhc’! Hj)ecilic grfiviiy is 1*47, so that it is considerably heavier 
thiiu wfit<‘r find nifiy be kept under water to prevent evaporation. 
In it.M (‘lunnicifil rcfictions it is identical with dichlorethyleno. It is 
(sss<nfl.ifil to stor<’! it away from exposure to sunlight and small 
(jufiniitics in tlu^ hibonitory should not bo exposed in plain bottles, 
but. lv(‘})t (‘itber in firnlxu' bottles or metal containers, as it decomposes 
in tlu^ light., (l('V(‘lo|)ing hydrochloric acid and phosgene. 

It, is <;lfiinH‘(l tluit it does not attack ordinary metals like iron 
and hUh^I, but tliis is only true so long as it is pure, which can only 
bo (uisured if it is k('[)t s("filed from the light and anhydrous. On 
fKUHHint of this lijil)ility to decomposition in xnesence of light it is 
not jidvisfibii" t-o usi^ fuiy of these ethyleno derivatives for treatment 
of finy lUfiterifil wlu<‘h is rc’ifulily atUicked by acids. 

''.rhis B(dvent is (diiefly used as an agent for the extraction of oil 
from H(".e<ls; owing to its extremely low latent heat it evaporates 
very rapidly and being a ])uro substance leaves no tail’’ or residue. 

On ficcotint of its non-inllammabiiity it is used largely for the 
dry cleaning ” of fabrics and the degreasing of textiles, etc. 
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Trichlorethylono lias been employed in (ierrnany m a Holveo 
in the extraction proccfiB of i)re|)aring wood turpcintiiie. It i 
an extremely powerful Bolvont, diswolving all oiln, inont reniiu 
rubber and many inorganic BubHtanccH Huch uh Hulpluir an 
phosphorus and is particularly cfficjumt becauHc of its gre^at p(mc 
trativo power. It docs not dissolve ct^llulost^ nitrak^ or iiwinU) h 
itself, but in combination with phenol and partuailarly the liydr< 
gonatod phenols such as hexalin it readily a(^ts as a solviuii ia 
these BubstaticcB. On account of its solvent pow<u’ it is uschI as 
cleaning agent, and in combination with soft soap (with which i 
forms a stable emulsion niisciblo with water) it is uscsl in the pn^parc 
tion of solvent soaps. Likc^ all the chlox’inakKl solvtaiis, its vapou 
is anaesthetic, and ]m>longed (^.xposure produtass fainting, but as wit 
dichlorothylene the cllect is transient and no scu’iouH aft(u*»efTcH:t 
are produced. 

PerMoreihi^lefie.—luiH the saixie n^lation to (‘thyk^ne as (utrbo 
tetrachloride has to methane, being complek^ly eddorinaied a.xr 
having the constitution :— 

ocu ecu. 

Its specific gravity is very high, 1*(>24 at 15 ', and it has a (^onstan 
boiling point of 119'\ With the cjxce|)tion of this dilhu*enco i: 
physical constants its properties are ideatie.ai with thosc^ of tri 
chlorethylene. It is us(al where a solvent with a slowcu* rate c 
evaporation is required. 

TeiracMorethane is the b(\st known of this serl<‘s of solvents air 
is technically known as Wc^strou/’ It has the constitution :— 

cAicu — inun,^. 

It is a water-white liquid with an odour closely reassembling that <: 
trichlorcthylcnc and is similar to the (dhyk^ne derivatives in ma,uy < 
its properties, although dilTering from iluun in sonu^ iinporta.n 
respects. It is considerably licavun* than tricdilondhytaus ha-ving 
specific gravity of 1-6()1 at 15''. It is, in fiud-, tlu^ h(‘avi{\st, soKamt < 
industrial importance. Qdio boiling point is high, 1-17 ’ at nornu) 
pressure (144"^ at the reduced pressure of 7:hS mm.). Owing to it 
low specific heat and latent heat of ova])oration, its rate of <.wii]>oni 
tion is extremely rapid, in spite of the high boiling {K)int, Th 
vapour is entirely free from danger as regards fire risk, as it i 
perfectly non-inflammable. 

Chemically it is more stable than trichlorethyleno and not s 
readily decomposed by light, although it is advisable not to store i 
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in clear glass bottles. It is, however, decomposed in presence of 
moisture and will consequently corrode iron unless care is taken to 
ensure that it is quite anhydrous. It should be stored in lead- or tin- 
lined containers to ensure freedom from reaction. 

It is decomposed by alkalies with formation of trichlorethylene 
Jind alkali chloride and cannot therefore be used for the preparation 
of Holvexit soft soaps in the same way as trichlorethylene. 

Its physiological action is much more pronounced than that of 
the ethylene derivatives. In addition to the vapour having a 
pixjnounccd anaesthetic cilect, prolonged exposure to the fumes 
cauBOB spcciCic illness, as it attacks the liver. It is essential that it 
should not bo xxsed to any extent in confined spaces, and unless care 
is ta-kcui to provide ample ventilation sezious and even fatal illness 
may bo caused, it should be noted that on account of its high 
spcKufic gravity the vapour is considerably heavier than air, and the 
ventilation of workshops in which it is used should accordingly be 
downwards and not upwards. If care is taken to provide adequate 
ventilation, carrying off the vapour in this way so that no great 
concentration can exist at the level at which the air is inhaled by 
worken-B, it can bo used freely without danger. 

''r<t-ra.c}ilorcthane is the most powerful solvent of this group. 
It is insoluble in water but it mixes freely with alcohol and all organic 
solvcMits. It is a good solvent for all oils, fats and waxes and dissolves 
soft/ r(‘sins (‘.oinplotcly. It also attacks hard resins but does not 
<lisB(>lv<’' tluun cionipktoly in the cold in the same way as the higher 
al(U)holB. It also attacks oxidised oils and forms a very efficient and 
rapid paJnta.nd varnish roniovcr. For this purpose it is an advantage 
1,0 <lissolv(^ in \i a suhstanco such as stoarino which remains incor¬ 
pora,t(‘d with ili(' sofU‘n(‘(l film and prevents it from hardening ofi on 
th(' rapid (n^apora.th)n of the solv('nt. 

"r<dx*a,c.hlor<dha.iK‘ is also a good solvent for pitches and bitu- 
ininotis Bul)st,aiu*(‘s. On a-ccount of its solvent power for resins 
combiiual wit h its rapid rale of evaporation it forms a useful thinner 
for paints for s|)(‘e.ia,l purposes required to dry rapidly and give a 
ha.rd a.n<i fairly tough film. Ai>art from the unpleasant effect of its 
va.pour, it is too powcu-fid a solvent for ordinary paints exccj)t for 
a.ppru‘a,tion by spraying, as tlio undercoat would be moved on the 
application of a. nveond coat by the brush. 

ITuIiko irieldorethylcme, it is also a solvent for cellulose nitrate 
and cellulose acetate and may bo used for the preparation of non- 
infiammablo cHdlulose varnishes. It is a solvent for many inorganic 
* substances, notably stilphur azid phosphorus. It dissolves only 1 per 
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Chlorbenzenes. 


Two of tho several possible chlorine derivatives of benzene are 
prepared on an industrial scale for use as solvents, namely :_ 



Boiling point. 

Sp. gr. 

Flash point. 

Monochlorbonzono . 
.Di<^hIorl>onzcno ... 

132° 

172° 

1-11 

1-35 

? 

62° 


Iho latter is a mixture of the ortho and para varieties in the 
approximate proportion of 75 and 25 per cent, respectively. Mono- 
chlorbonzene is prepared by the direct action of chlorine on benzene 
in prc^seiice of iron as a catalyst, the crude product being purified 
by fractionation in vacuo. Both these substances dissolve soft 
rcsinH, biit damar is soluble only in mono-chlorbenzene. Copals 
and other hard rosins are insoluble in either. 

They arc used to some extent as solvents, but are rather difficult 
to work with. Dichlorbenzene is not a good practical solvent for 
spirit varnishes, etc., as it does not give a good film on drying. The 
niono-ehlorbenzcno, however, gives a film which dries with a matt 
sui-liUH's and is useful for preparing d\ill finishes.® Like all chlorine 
d(>riva.ti VC'S, these solvents arc decidedly toxic in their properties, 
but Iheir toxic c'fTc'ct on human beings is not nearly so pronounced as 
(bat- oi t-Iu^ ell i()rina-tecl j)c*troleum hydroca-rbons. Dichlorbenzene 
ha.s hec'u usc-d in jilaee of tctraohlorothanc on that account as an 
insc'ct,icicle and for tho preservation of timber against attack by 
in-sc'cts. d’lie following composition was used in the preservation of 
West ininst-c'r Ha,ll :— 

o/eDichlorbenzc'iie ..... 91 per cent. 

('a-stilc'soa,T> .... 7 

(^Mlar wood oil . , . . . 2 

^ J J 5 5 

Dichlorliydri ri. 

Wh(Mi ^Iy(‘<‘rol iH Iroaiod with liydrocliloric acid, one or more 
of ih(^ hydroxyl Hul)siitiiied by chlorine to form one 

of hv('. possihh". oonipoundH known as Chlorhydrin. 

('omnun’cia-I (ddorhydrin is iho a~dichlorhydrin, in which the two 
outer an^ ehlorinatcd thus :— 

VllOH UH-OH 

(nifon cHg-ci 

Glycerol. Dichlorhydrin. 



I :m 


\ uluttU Stflriiifs (tntl 'rhimttr.'i 


'I’hi. i-i j.ivj.un-.l l.y inixiiiKKl.vc<'n.l with fiftwu it 

wtiKlit ‘*f i-'tnr.-iitnit«nl h><lii.i-hl(.ri<' ufid ujui ln-utin^ tiu* inixtui 

tft Hhi fur lurai-itinii't, 'Hii* Jiiivt arc in tti<‘u cxtntrtftl \sif h an 

th.' .-tlirivu! ■.MluttMii v> .ii-tillfil. AftiT th<- I'th.T hiiH all la-cn tlriva 
n!f th.- t. miHTitturi' ri'.i--. uiul it dislilha,. js vollcctatl up (a 2.W 

1 hi'» i’i with liiiif, axtractiHl with t*tht‘r, and tli 

. h!.ah>.liui tiniill\ ul.t.tim-.i hy .-v nj.urat inn of IhfatluT. Anuth< 
iiii-tht-i i'= tn h.'Jtt auh\tlr.<u-. ylscrrul with a .stilutiou of Hulphi 
••hli.mh' Hi :n<ihum I’hlitiidi' f«ir .■‘i‘Vi<ral hiairs. Dichlorhvdriu i.H 
.-j r.jvruja lupiitl with a rather }*li-u;«iut muell. inoderati'l 
>.t,hi}i|r lit wjiti-r (1 Mihnae requiriaK tli \iiiuniea of water) an 
retohl> in ideohiil ami ether. 'Fla- lioiliujj; [aiint i.M 17K' and tli 
rq<e.-«tie ldt7, It i-au h<- ftai\«-rted into mono'chhirhyilrt 

1»\ ti. alaii nt with i nu-tm peta- h in tin- eohi and further elilorinate 
lit epi. hliiiiailiin In. pr>iliint.<. il dirq-,ti<in with hydroeiilorie tieid. 

1 )i. id- >i h> linn i a nu nh rati-I\ • t ronj.', .aiK eat ftu-n'.sin.s. 'I’he hoI 
i.- in-> -mh a i ;i. mi, D.unar, .M.i .li<' and Manilla dis.solve fairl 
ji.eldi. Fat i.n w.unitn^' or Uei-pin}.i; fur any h'lij'th of lime tli 
(iihitiiin- l-*e iidiiiir, lurnin>,' ,i lieep hrown. 'Fla' fosail i-opa 
• m h U' Si< rr.i :irr (fiily pariially soluble (‘V<‘ 

««n .usi fbr* Mtlufitui luriiA bnnvn in tlu^ sanu^ way. Kmi: 

r , fttut <i, M f iiu pb't i’l\ ?tnluhlr. Dit’hlorhytiriu is a ^nn 

1*1 Iniltr, bnth isitiiral aiul blear be(b W'it h (h<^ Int tin* 
-‘hb, » *b . ? t«aupbtr dilution. yi\inf»; a pale eolnured si^hitin 

^^beb «!•*« !N»f dritiliair lale* mo 4 chlorint' deri vat! v(\s it- is n< 
I* ohn, uit! ur nliibio, ami li.ihir to dc<‘oinposit ion in pn'smiees < 
ua.iri M if b bij jo.it i»»n tif by dr ot'ldori*' a<‘id. 


F.pit'hitivhijtiriri . 


Tbi i r fonord fi\' tbo reino\ul of <me of hydroehlori 

.u'ld fnuii daohlorb \ ifutj thus : 


‘ 11-OH 

/ H f hi* If . 


Vif 

(’Ho 




I^pivh!* >rhp(lrin. 


It i"i prepHjeii Iiy eatnrat ing a ini-vture of glycerol and glacial a,ecl i 
iunl wall l»_\driigeu ehlurkh* and dOilling th(< mi.xture, colleetin 
t he di'it dlale lielweeu 1 HU ami 22U''. TluH di.slillatc is tlum irea.ti' 
with ciiU'itie polaah and fraet ionatiai. 

Kpiehtorhytlriii ia a liquid rcneinhling chloroform in appearam 
ami odour. It haa a huiling point, of 117*’ and hji. gr, l*lt)4. .1 



Chlorine Derivatives 137 

cliffiors coBsidorably in its solvent action from diohlorliydrin. Tlie 
soft rosins aro freely soluble in the cold, giving solutions which do 
not discolour. Hard copals are partially soluble in the cold and 
freely soluble on heating, giving very pale solutions which do not 
diHColour and form hard brilliant films on drying. Manilla and 
Kauri aro, however, not so readily soluble as in dichlorhydrin, 
whilst bleached shellac is practically insoluble. 

IhoBo chlorhydrins aro not used extensively for industrial 
purposes, but are employed in the preparation of special varnishes 
such as photographers retouching varnish. 


A chlorinated ester—/Schlorethyl acetate—^has been proposed as a 
solvent for cellulose acetate and nitrate.® 

Kefebencus.— (See p. 139.) 


(‘IIAPTKR VIIL 

HVLinnm dkeivativkh ^c^‘\eb<>n mmummE 


Tub cmly volatiles in indtiHiriiil nm*! whicli itautiunn milph 

in <*iir!Kni lnHtiIphi<lcs w!n«*h tlu^ndorn rvqnirvH a Brief eliaptw 
itnelf. 

''reehnieul literature in ahuut capuilly dhideil in t!i<^ iwe of t 
tiauH^ eitrhon hwulplutti^ niid earboii cliHulpIiiib** f<ir thin KtilmtaiK 
The former hum been atb»ptetl in tluH work an tlu» numi rationali* 
Tle^ eomp«>fsition in intlieiit<*tl by the f(»rniula It wan d, 

eov4uvd in ITlNi by LaiupailiiiH, wlio prepannl it by tin’s direei uni< 
of Hiilphnr nml earlxm at a hnv rt*d lu^d. (hi the iuduHtrial nea 
thin reaction m cnrrie<l out in a <*ylindrh*al t-uHldron roiori fltb 
with a porcehtiii tube' \\hh‘h reaehe^H aliuoat ilw beh-iom. Ti 
erueb' eliatillate hi wanhed I^y acrubbinii; with litne to removes hy<irog< 
radphiele' (iamtaintM! as a by prodmd <ien*iv<al fremi hydrogen oeeliuh 
in the*" ediareoal) and them eii^tilled in a wateT jaeketeal niill 
pn\N<‘m’e' of Miial! epiantities of faifty oil, wateu' and haul aeud^ite 
remune* e»lher irnpuri!ie:i. In eirdt*r to obtain it pea’feadJy puns it 
inna^SMU'V to nunove tlie la.a traes'S of by produeds by prolonge 
rhuking \%iih a small ptaa’entage* of nu*n*urit* (‘hIoriih% which esombin 
the* <‘V il ‘.melling poly Htdphi<le‘s to form an inHeduhies eaimpoun 
dlu’ sludge' thtis bu'UH'd is nunovtsl by <h‘<‘anta<th>n and thes Hepi 
re (Hstilhsi over the' uater liuth. 

d'his proeejci has now l>ea‘n Inrgedy KujX'rstHleMl by ilus eleed-r 
furnnee prtMS*ss due to 'Tavdor.'^ d'liis fiirnacu' is (’oustmedical of tv 
t'onemdrie britdi eylindeu’s, tittesl at. lias ba,H<' with two esirlx 
ehsdn»dej{. (‘arlnm and sulphur art' fexl into the' fnrna.ee' in sepa.ra. 
('ontinuotis streams, wlam tlu' sidpliur is vaporisesl by tJu^ luait fro 
the* ede(drod*‘s and ri tss tlirougli tlu' furnace' to mead, t.he stns'im 
(Mrlum, with ulikdi it nauds to form t-lx’j <air!x>n hmulphide, Idi 
is Its! into the' t'omh'nse'r as it forms and puriTuxl aa deacrilxa! above’ 
ddie' pun* ('arbou biHulphiele' obi nam'd in t-his way is p(*rf<‘(d 
clear ami wat<*r \\ bites ami has a. smedl re'se'mbling t.ha.t. of ch loro fori 
(»nly mmdi meere punge'ut. dlu' ordinary (x>mm('r<da.l a.rt.icd(\ ho\ 
e'\e'r, is pale' y<dh»w in <‘oh>ur, wit.h a. pe'net.rating ('vil oeleiur, due 1 
the pre'semex' of a small epiantity of othe'r orga.nic sulphur deadvadive^ 
ddie' hpt'edru' jiynxliy is for t-he’s pure** artiede', hut. rises to l-2t 

in orelinary e'tunme'rcial sample's. It boils at. dtkk 

In <xmtrn elistiiudiou to tlu^ (dihudaated solve^nt-s, ca.rlx 
biHuIphieh' is highly hdlammahle^ the flash point being —20'^, and it 
liahlei to Hpemtam'ous ignitdon on exposure to the air at a iemperaiu: 
approximating to the boiling point of water, whilst the vai>our font 

UH 
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ail explosive mixture with air at ordinary atmospheric temperatures. 
From the point of view of fire risk, therefore, it is about the most 
dangerous solvent used in commerce. 

The inflammability, combined with decided toxic action, limits 
its industrial uses, which is unfortunate, because as a solvent it is 
extremely useful. , It dissolves readily, not only all oils, fats and 
waxes, most of tho rosins, and organic substances such as camphor, 
tar, Yubbor and guttapercha, but also many inorganic substances, 
including sulphur, phosphorus and iodine. 

It is dociidcdly tho most effective solvent for rubber known, and 
was at one time largely used in the rubber industry, particularly 
as a thinner for sulj)hur chloride in the cold cure process of vulcanisa¬ 
tion. Owing to its rapid penetration of the rubber it brought the 
sulphur chloride dissolved in it quickly into contact with every 
portion of tho article to be vulcanised and rendered the process of 
ctiring more rapid and uniform. Its use for this purpose has, how- 
(wer, been largely abandoned, owing to the restrictions placed on 
its transport and use on account of its dangerous inflammability 
an<l t-oxicity. It is used to a considerable extent as an extraction 
a.nd for various special purposes. It forms a very effective 
ins<‘ci and is used for dressing vines and other plants infested 
with insc{‘.t iM’ssi.s. 

Dr. Al('xa.n(l(u' Scott ^ recommends tho use of carbon bisulphide 
vapour as tlu*! most ('(ITcctivc for killing boring insects in wood. It 
f>rov<‘s ra-pidly fa.tal to ilic insects, and careful experiment has 
uo <l('l<‘terious a(d-ion on tho painted surface in the case of 
,r<‘a.i imuit of [)a.intx'.(l ])a.noIs so infected. 

It, is inisci])l(^ in all proportions with most organic solvents, hut 
s only s<>luhl(‘, in wa,l,c^r to tlu^ cxiciit of I per cent. Like most 
iul[>hur <a)inpoumls, it, has a, v(U'y high refractive index ( 1 * 601 ) and 
ts opti(‘a.l propert.i(‘s arc'i pa,rlic.ularly us(*.ful in jfliysical work, because 
t cond)im\s with tins high refractive power an exceptionally high 
lispm’sivc* powiU'. 
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142 Viiliitilt and Thinner^ 

If Iti4* m hrluw mm, tlm cottnir in graded accord 

In liit^ ^i•llle : 

U'uf-rr !di«* iraiinm. <jroe 

Stiinditrd 50 to 150 nui 

Ujif-fdiiidt* olT 25 50 innu 

"IHiii i4iHdf‘H *dl . . . . .15 25 

• 

41io MM\ jioOhod in tlio iiiorr nt-ruriite of tlu^ two, m it prove 
f«ir fhr' a«411vii«n\u fuii that tUt» ali/^ohiti* t'olcnir varioH with i 
i Mfiffiit ratti»io io^ ud! ho fnao tho roloor anal^^Mt^H given ata) 
I-'or I In * leioiMu a n{M*ri;d lioale nhtndd hv <'ona! root eel h*r each hoIvc 
fia aeriirali* iiltheaigh the ptOrtOetuu aeale can h<^ appliial 

1*1 hrr -Jih* nf'i uith 'dillit tent iu*eurary for numt iiHhmtriai {'lorpOHeH. 

(tnivifi/ 44ie tigure:* gi\’en for the Hpeeilut gravitit^H 
jMh*n! , in pnhh ht'd uui le. an* i*fttoi \ tay c*( »nHietiag. Kxununaii 
ih«n% 3 that fhii ].ugei\ due to t lie fuel that the' oh.stu’Vjit ioUH ha 
h« I n iiuidf' a? duh root truijienOtilfr<»m tr tet the* hoiliug po: 
*4 ih* honid tie* ’.prrjtie' gra\ify of a liepiid varie'H with t 

t* in pi I at no . a notf<aia 'Oaiaiarei i.- e?. <eiit ial, aiiei all rt'ceuit. Hpendhe 
Im'O. i|n»ao pi « ih*' ^ nl 15 , eompnreai with wate*r at. t 

'..noo f« inpi i .O nO' 

/oj'oefoi r A;k the lefraeOive* p*iwe‘r ia Hunet'ptihle** of a<H0 

.i!i no .1 UM nu of !»> nie.ut . of inetnnn<*iita Huc*h an the' Ahln* ndnuti 
ir* O r. n f«oi 4 i . u n .I’ful gtiide* to the* idenit iheat i(Ui of a Holveuit a. 

I uiiniin* at of It) ptuitv. d'ln* re'fraeOive* ineh'X in the* eause of 
no^noi -4 tu*. oig.une lojuid) i. in ge-ne-ral the* me*an of those' of 
e toufii? . ,uel it fofiu. a mean.) for the* rapid (*iitinuition of t 
po pi.jiaat *4 a ntixfuir (4 tuti re jI vt*nt.s, sue’h as white*' spirit a-i 
I *ip*istiiie, u ha h tliflrr ve. ide‘l\ in re*fra(*t ive* poweu'd^ 

4 hr If flat ! i\f* power <*f a litpuil W'lries for light <d dine*renit. wan 
h I glh and a! uOh the* ti'lnpt'rature* ; it< is th(*re*fore' <‘ss(*niia,l 
ha\f Iht'.f' ttai.tanf for ue<*urate' etuupurison. The* usuaJ standa 
ia|o|ift'd 1 ^ t*i take the* reanling agaiimt the* l> Hue* of llu* sp(*(;trii 
at 2«t5 

/ledd/nOo/i Hajoj*\ 41^' wi<h' variation in the* figure's giveui f 
the- eaiine ^>oKi*nt in diffe*n*nt puhHeaitions is due*, not. einly to aedii 
Miindioie. in the* tuuiiph'S, hut in the* nuuiue*r in whkdi the* distillati- 
III ran ie*d eait. 

\\ idf' vuiiiOiona in the teunpe'rature*H re*<*ordeal for iho sat 
e.ainple are poiodlde* ue-e'iu'ding to the* ine*thod ed e*onelu(ding tlio Un 
lihngwiiith ha.H ah*»wn ^ tliat the* nuiin fac*t«»rH of variation are^ : ”• 
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(а) Tho type of apparatus used. 

(б) The rate at which distillation is conducted. 

(c) Tho position and type of the thermometer. 

(d) The barometric pressure. 

Wide variations are also possible according to different methods of 
working. A variation of several degrees is possible in the initial 
boilhig poirxt, for oxaxxiple, according to whether it is taken to be 
tlio reading of tho thermometer {a) when the vapour first reaches the 
bxilb, (6) when the first drop falls from the side arm of the flask, (c) 
when, tho first drop falls from the condenser. 

For comparative results it is recognised that the test must be 
carried out xindor accurately standardised conditions. The B.E.S.A. 
spcKdlication for this purpose ® is applicable to all volatile solvents. 
It defiuoH tho dimensions of tho flask and the construction of the 
aj)paratuH in detail. The X'ange of the thermometer is not specified, 
hxit a correction is given for variation caused by the exposed ther- 
monu^tor stem and barometric pressure. The initial boiling point 
is t.ak(m as the tomperaturo at which the first drop falls into the 
tec river. 

Th(^ inoihod adopted by tho I.P.T.^ is prescribed for volatile 
jxdroltnun distillates only. The apparatus is identical with the 
ihK.S.A., with the exception that tho thermometer is more closely 
Hp(‘<tfi(‘(i iuid that t/ho bull) is covered with a uniform layer of cotton 
wool. JNo conxxtioiis for bax*oui(dric pressure or exposed ther- 
inonu‘i(‘r steiu a.n^ applied. The initial boiling X)oint is defined as 
the t<‘in[>(‘nitur(^ when the first drop of liquid falls from the side arm 
<f (h(' Jlus/c. 

In th(' <‘a.S(' of a, ina.t(‘ria.h such as white spirit, which comes under 
])()th tin* ab()V(^ sp(‘<‘,ili(^a,lions, considerable variation in the result 
is possible^ according to whi(^h is used, x)ariicularly if the thermometer 
<‘hoH(‘U in th(‘ first- ease ha,s a short range more accurately readable 
t luui t ho 0 :h)() ra.nge s})ecified in the second. There is no apparent 

r(‘ason why oiu^ uniform method should not he agreed upon by all 
a-ut horit i<‘S. 

In tlu^ llnit<xl State's the standanl method of distillation is that 
spexhtiexl by th<^ American Soehoiy for "I'osting Materials and 
adoptixl by U.S. Bur. Sta-nd.^^ The I-Cnglish apparatus is practically 
ieUmtical with this, but a. inu(-h shorter range thermometer is specified 
than that of the I.B.1\, graduated from 145^^ to 200^ The initial 
boiling point is (U'fliuul as tJio tcm])crattirc at which the first drop 
falls from the end of the (amdenser. Readings are taken every 10 
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(icgrt'CH, ami tlui cMid-pulnt in {kdimid an whou tiu' laat drop 

vajHirimul. 

I>Jraj>omtitoi aiul Votatiliti/. Kroquont refor<mco han alwnidy hot* 
mado to thia fumlamontid proixTty of volatile HoIvontH. In hoUw 
inj 4 a, HoIv<*nt for kohu- partundar purpo.so consitioration niuHi 1 
given to («} the rate, {h) the uniformity, (r) the aompUdonoHH < 

avapt^ratiiUi» or fnaniom from n^niduc^ 

Wliilnt. tlio rata of avap<»ratioii in gt^iu^rally acmHulennl to 1 
pr<iportiiauil to tha boiling point, tho ‘'high hoi!<%rofto 

boing uhihI to aignify a Holvaiii whiah c^vaporait^H nlowly, it nuint h 
homo in iniiul that thin in only tnm within limitH. In Holvoutn < 
thi*^ Hiuno typo, nurh an tho <liffomiit potroknnn diHiillatoH, tho hoilin 
rango in a guhh^ to the rate of <^vapetition. But thin doen not hoi 
with HolventH of diflViviit types, hcH^ause tlie n^alfactors wliich gover 
evaporation nrv the Hpeaufie heat of the HubHtatu?e and the latent liea 
of evaporation, whirh dilTer w idi*ly in (lilTenmt eJasseH of eompoundir 
dliUH, to take uii extr(‘in(‘ ea.s(\ t<‘tra(*hIorc‘thane with a boiling poin 
of 144 ’ has a eonskltu’Hlity (pik'ker rate of evaporati<)n than wate 
^^^ih a boiling point of loo'. 

(*onnet4tai with this in the fact tluit the <‘vapora4iou of a Ikpik 
involves eonai<lernhh' ahs<irption <d In^at ftu' the e<ynv(‘irHiou of th 
Htpihl into th<^ gust'ouH phaH<\ Rn,pi<l evaporation eonncapientl; 
reHtdtn in a eiaisithTahh' lowcaang of temp<u'Htux*e, ho much ho tha 
extnmH*ly volutih^ licpuds, such an <4her and (;hloroforni, an^ cm 
ploytal as frec^'/aug ag<uitH. 'VhiH lowfu'ing of tcunpcu’ature occurH witl 
ail (‘vap(»rat ion, but is gn^atiU’ in proportion to tho rapidity of tin 
evupornt ion. 

II. A. (htrtlner has m<'UHun*d lh<‘ rcshiet.ion of t.(unp<n'atur< 
(uiused by tbe^ evaporation of va,riouH Holvcmt.H and puhliHluMl th< 
result a in a Kerie.s of charts from whicth tlu^ following ligur<\s a.r< 
almtrneted ns an illustration. 

LowiU'ing of i<miperature prodiuaal liy (w^aporation of dilh‘ren 
Hidvents umler th<^ same eoiHlitions for two minut<\s : 


Atadone ........ I 1-0'' 

Kthyl utTetatc' ....... 5-0 

B<m7.o! ........ 5-3 

Amyl atadaie . . . . . . . 1*() 

Butyl aceduti' ....... OdJ 


HUunhing, A praetieul eflV<d. <d this is that th<^ ra,pi<l evaporatioi 
of a highly volatile Holvent cools the surrounding air to siath ai- 
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oxtcnl} CIS to Tbring it below tlie dew poiixt djnd. cause tlie deposition 
of tlio moisture in it. W^lien this occurs in the evaporation of 
Bolvonts from varnish and lacquer films the deposited moisture 
cauHOB a niilky appearance, technically known as blushing,’^ due 
to precipitation of the rosin by reaction with the water. On this 
ac(u)unt HolvontB are included in the composition of the varnish 
whicli evaporate so slowly that they allow this deposited water to 
(’'vai>oi*at(^ after the volatile solvent has disappeared and redissolve 
the rcBiuH to restore the continuity of the film before they in turn 
tWaporato. 

Injlamnuihility. —The groat majority of volatile solvents are 
readily inflammable, and generally speaking the degree of in- 
flamtnahiiity, that is, the readiness with which the vapour will 
ignite, is iuvm'Bcly proportional to the boiling point in the case 
of hydr<HutrboTiH, and derivatives containing carbon hydrogen and 
oxygen. 

Thcs inflammability is, however, affected considerably by the 
(legi*ee of saturation and the number of oxygen and hydrogen atoms 
in th(‘ mohaudcj. It has already been made evident that the intro- 
<hic4ion of chlorine rodneos the inflammability, whilst the intro- 
duci ion of sulphur in(‘.reases it. 

WIuLsf. th(^ inflammability of a solvent has little bearing on its 
f(‘<‘hnieal valu(\ it is of great practical importance from the point of 
vit‘W of fii'(^ risk. 

Fhfs'h Point. For f)ra,ciical purposes the relative inflammability 
is in(iieat(‘d by the tcun[)erature at which the vapour given off by 
th(' Ii({nid will just ignit(^ if exposed to a flame. The standard 
insf numml. for na,sli-])oint ([('termination, is the Abel apparatus, 
(k^or a. full (l(‘sei'i|)f ion of construction and use see Standard 
Rh'thods of Tc'sting I\*trol('um,'” p. 18.) 

A li<{uid is gc'iK'rally ix'garded (is inOammable when the flash 
point' is Ix'low lao " h\ Wlu'ti the flash point lies within the limits 
rc'acluMl by atmospheric. t(*m])eraturo in summer it is classed as 
highly infla.mmabk^.’’’ A further distinction might well be made 
For t-hosi' so!v('nts of ('XC('ptional infUv mm ability which flash below 
«10" F. t iHU’iuonu'U'r usually suppli('d with the Abel instrument 

s only gra.duat('<l to t-liis point, and the determination of lower flash 
joints n<'<u\s.sila.t('s a. spt'cual tlK^rinomctor, also the use of freezing 
nixtajr(\M to (*ooi tlu^ li((ui(l to below its flash point. Tor practical 
>urpoH('H tfu'H' is no valine in dotormining the exact figure in such 
th<^ knowknlgt^ that the flash point is below 40° T. is sufficient, 
in ilm table given in tfio Appendix such extremely low flash points 
10 
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ar<* iruirkad 'L (th<^ valui^ Innag given in (knitigmcln tv’here it ooukl I 
dt*ternilnod). 

Allhotigli the t!ash point given a general iiHlieitfinii of inflannni 
lnn<3% li<|uidH td the huiiu* flunh point arc' not nhvaj'H equal in fn 
and exploHion rink, whitdi <iejHnidH hIho <ni tlu' luait of conihuHtioi 
In H(un(^ extaqdional notahly die}ilorethylem% a low ilna 

point in therefore fouinl with a li<|uid whieh ImniH ^vitli Hindi a <!ol 
thune an to preaent iu> aerioUH rink. 

/iV(/a/n//oa.v, ddie Pelroleuni IH7I to IHHI (daHHua highl 

iidliuunmhle nil pelndeuni prodindn whieh tIuHh hcd<iw 73" h\ an 
preHfudhe ri*guhitionn for thidr Htorag<' and traunport. Htorage I 
hulk IH Huhjeet ti» Heema^ hy the loeal nutlundt>% in onlin^ to eimtii 
t hut adeifuate prreaut ionn are taken agaiuHt ri.sk c>f lire and explosioi 
ddn^ llegidalicjus iiu’ole uiHh*r those Arts art' giUU'rnlly applitnl t,o th 
htorag«‘ <d olln*r hn^ tla*.h solvtuits. Ih'gulathnm for tin* transpoi 
of inllaniinahlo H{|nitis* in .sliips art' issutMi h^" (la^ Board of dVadcsJ 
'riu' g(*nerni rt^gulatitni g<»vt'rniug all iidlanunuhlt' litjuids is that tli 
niiiiH* td flu' uh.‘.tanfe aial tin' llardi point, <u' a statement that th 
the h point is guaraat<*ed to he above I 10“ h\, must la' (dearly marki' 
an the paidvapo, Spt‘tdai instnndions an' giv<'n f(»r tlu' patdcing aai 
sforagr of naiaiii soh(mts» i^audi as aiadoina ahadiols, (atrhon hi 
ndphido, (Uhain* and ethylmn' cddoridi'S, p<droI('um spirit* an 
turpontiuo. In tin* Ihntmi Stall's, a flnsh point hidow 30" (I (8ii" F, 
i . rre**rdrd as highly inlianunahha” 

afui lit t'tivt rtj, ddu' tdnid points to h(' eonsiiU'nsl in th 
j.forapo iff :,ol\<*nt . in adtlition t<^ guarding against^ tir(* risk a.n^ (I 
not itui on tin' <s»ntaint*r, (2) loss hy <* va porat ion. Sonu' solvi'nt^ 
u<»tahl\ turpontiiHs* and sonn* (d tin' hv<iroearl)on <ddorid<*H, (torrod 
ivi »n < a* it ltd <s mtainom atnl must Ije stortsi iu tin- or I('a,<h liiU'd tankh 
Bo,,» hy o\ap<n'ation is nsiuned to a, niinirnuin hy dt'sigtnng th 
storago ^o that tho tanks are not^ ('xposml to dinad* sunlight, or othe 
j,oui<‘o of hoaf. Ahst»rption of lu'ad. through t,lu* surfae.i' of a ta.n 
and oonMSpn'ut ri/.t' in tmiijM'ratun^ of tin' eontt'iits is n'dins'd to 
nuniinuin hv o<»ating it with white' paint, of gr<*at. ofiacity, owing t. 
tho \%ell rort»gnisod faid, oftt'U hwt- siglit of in industrial praet.iea 
that the luoro umudy a surfais' Hppi'oacdu'S to pun^ white' the' le'ss th 
prtjpeaiion of lu*nt that falls ou it* is ahsorhc'el. 

Tho rts'ove'ry ed solvtaits afte't* ('vapt>ra,t ion is only an (Msjnomio.a 
prejpemit i«m wliere* large' epiantitie's are' t'vaporate'd In a <n>idin('< 
spacas In nmst equ’rations ed t h<^ paint indust.rie's tlu^ inethodH ei 
applaaif ion <ie> not aeliuit ed <*ni<de‘ni re'eove'ry ed' the'solve'uts e'mplt^ye'el 
hut in tiu' ndd>e*r industries, auel partienilarly iu e'xtraetion procaesse^^ 
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degreasing, etc., solvent recovery is an established practice. Several 
moiliods of recovery are used, namely :— 

AbHorptlon by solids, such as activated charcoal and silica 
gd. ^ 

Direct condensation at constant pressure. 

(JondenHation by spraying with water. 

Absorption by liquids. 

« 

(IB. Itobiuson has published a full account of these methods 
and the principles on which they are based. 

Physiological Aclion .—In the broadest sense all vapours are 
poisonouH to human beings, as their presence in the air we breathe 
rtKUi<H*s ilio j)rox>oriion of oxygen and interferes with the proper 
ict-ion of the lungs, causing asphyxiation. Even a purely inert 
ii;as lik(^ iutrog(m or carbon dioxide, normally breathed in small 
piantity, causes asphyxiation if iDresent in high concentration. 

If a> solvent is uscmI in a confined or unveiitilated space the headache 
ind lassitude whicjh arc the first symptoms of insufficient oxygen 
jHwita.bly become a])parcnt after a short time. If the vapours of 
•iolvtuils were chemically inert this would be the only result, but in 
,jra.e.t.iea.lly ov(uy (uise they have a more positive action on the 
•>yst.(''m. majority act, in addition, cither as intoxicants or 

uia'sl h<‘t ics. Wluai a,n intoxi(aint vapour is breathed into the 
lings it- IS absorlx'd iiit-o the blond and carried to the brain, where it 
;timula,(<*s the bra.in“CC‘lls, (;ausing exhilaration followed by depres- 
uon. An anu'st-lu^tic va.|)our acts on the nervous system, causing 
ainting a.n<b on prolongi'd ex])osuro, death. A few solvents have a 
m>vv virulent. <‘(Tc‘e,t on the system, their absorption resulting in 
ipix’ifa' (lisea-s(\ 

'Dk' pvtroU'U)}i lij/(in)rarho)is, on account of their chemical inert' 

are, as a, gioup, tb(‘ least toxic in their action.; they act, hoW' 
as mild intoxi(^a.nts a.n<l a-iuesthctics, their activity being, 
)roa<lly spea.king, in proportion to their volatility. Thus benzine 
s nnu’t** t<)Kii<* in its action tlia-n white' spirit. Dr. Alice Hamilton 
it<*s <*us<‘S <>i poisoning i i‘oin ^xd/rolcHitn ether and petrol some of which 
howl'd aJuestlH'sia and otlu'rs a similarity to alcoholic intoxication, 
du' gmieral <'X[)(‘rieiKX'. in the use of white spirit is that it has no 
urthm* ill elleids tluin tlu^ temporaiy headache associated with lack 
d vent ilation, and that workers soon acquire immunity. 

TIu^ (Uxil-ktr group of solvcntB vary considerably in their toxic 
.ropmi-ii's a-ee-ording to their degree of uiisaturation and consequent 
heiuieaJ aedivity. Benzene is actively toxic. The medical evidence 
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iH conflicting an to wlicf Ju^r itn action in numt pronounced when pui 
or ill niixtiircH nuch an benzoL In adtlition to gciK^ral action on tl 
iKn*vouH Kyntcm, it in abHorhtul into tlus blood and attackn the wal 
of thc! nxUnnvH, riuidcring thiun jioroim and (^auning lumnorrhagi^ 
whu*h in frcupund ly fatab cuhch of bcurzol poiHoning arc^ ciU 

by Hir Ilunnan Loggia **7 Tlu^ bigluu* lumnibigucB of Ixuizcuic do n< 
Hhovv HU(*h inarkinl foxbnty U»Iucn<^ and xylene are caunparativei 
iiarmU'BH, ^ 

One would (*xp(Ktt the naplitbalene bydriilcH t<^ b<^ (wen Ichh toxk 
no c^xtcniHivc'i n^porta an^ availabk^, but an invent igation nuuU^ by 0 
IVlhuHlry of JhaUib in (knanany binirH out the expei^taiion tin 
ii^trnbn, an<l nt ill more d(‘kalin, wwild be praetkailly nomtoxi 

The. toxknty of the 'Ihirpeniine group han b<ani tlu^ nubjeet of coi 
Hi<l(*rabl<^ (U)ntrovin*.sy in rvconi yintrw. Annstrongd^ (kuulby an 
01iv<*r hav<‘ elainied that nuK^h of tfu^ wit'kiiiw a-itribukal to k^a 
poinoiiing is att ributabl(^ to t urp<‘nt.irH% but this KUgg<*stiofl Wi 
i‘<»je(‘t(ai by tb<* Honu^ OfFua* in(|uirv after' c‘xa.niinat ion.^* '[Flu 
lurpimtine vapour has a <listin(*t. toxie (‘thrtt, ea4i.‘>*.ing btrubiela 
nuuseai and (l(‘pri\sf.ion, is we^ll (‘liiahlislKsk and in some' (aist^s it ac‘.t 
on th<‘ kidn(*yH, eatusing iu‘phritis, which inny b(^ (saifusesl with hm 
poisoniitg, ''Flu* author has <^x^Kr*i(nHUHl two <!as('s wlunx^ men ha\ 
beiui eert ifieal as sulTcu’ing from load pensoning when' no Icrul pigmeu 
Iiad becui handhsl. Tlu' importanca^ of sucih cuisc's has bee'ii e^xaggev: 
at<*d, how(‘v<u\ and tla^ ge'iu'ral (‘Xp<'ri<'n(^(^ of paintc'rs is that li 
elTeets are* ti'inporary anrl that worker's soon acrpiin' irnninuit.y- 

’‘FIh' yl/ro//f^/ group nro e^ha.raeter'istietally intoxicant. in the* 
action. ^riu‘ <*ilVe*t. of nu^tbanol is gn^ater' than t ha-t- of a.I(r>lu 
berxiuse' it. is not. so rexa-dily oxidiserl a.nd rermiins in the^ syst-e'n 
having a inarke'd emnulat-ivei nedion/*^- In hovoto eaise's it eaiuse 
hlineiiH'SH, and it. has bean erdleal tlu*. most deadly poison useal in dail 
('ominerxax-'* 

Butanol and arnyl aler)hol ha-ve a. more^ pronouiKaal imnualiat 
edtex't-, causing intense^ irritation of the throa,t a.nd besielache^ but^ tli 
pe'rmanerit edTerd. is not so great. 

''Fbe Krfanr,^ ae*,t as (‘.omparative'ly milel inioxic.ant.s and have*; n 
Hcr'ious (‘flee't.. Kther’ is a ])ronouiHaal ana‘stb('ti(5 in its proper'tie^ 
The*: J^J.Htrrs, a.n<I pa.rtierdnrly ainyl ueed.at(% ha.ve a bad r<'{>utatioi 
but a<ra>rdiug to merliertl authoritie^s this is not. jusiifieal, as the^y Imv 
no H<r*iouH te>xic aedion. Dr. Allege Hainilt.onerjuside'rs that th 
over’powc'ring Knud! of amyl aeadate is large'ly responsible^ for it 
supposed toxicity. 

idthrvne derimiives are all strongly amestbetic in eluixxuler an 
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require to bo uBcd with caution. Dichlorethylene, in addition, 
aotB on the Bkin, causing dermatitis. 

Tctrachlorothane is the most toxic member of this group, having 
a specific effect on the blood and on the liver-cclls which results 
in jaundice. 

(-arbon disulphide is a pronounced intoxicant and produces very 
varied effcjcts. It has been responsible for numerous cases of 
Hickiiess in the rubber industry.^® 

9 The api)arcnt toxic effects of solvents is influenced considerably 
by tflie odour. Prolonged exposure to a powerful smell increases 
tlie distrcHH oxi;)erionocd out of all proportion to the actual toxic 
cff<H*.t, 

''foxio olXocd varioH enormously with different individuals. Thus 
wh ilsi Homcj people arc rendered ill by the slightest smell of turpentine, 
oibers scarcely fool any discomfort. 

This apjilios to all cases—the author came across several instances 
during the war of exposure to poison gases, without ill effects, in 
(•oiHUuitraiion wliich would in general prove fatal. In most cases 
also r(':peat(Hl exposure to the fumes from a solvent, as in the case 
of daily work, soon develops immunity to moderate concentration, 
''riie g(Mi(n’al Kaf('> rule is to provide the most efficient ventilation, 
wluai s(a’ions rc'sults from toxicity will be avoided. In this con- 
iHH'tion should h<‘- nMueiuhered that the vapours from all these 
Holv(‘nls are iH‘a-vi(‘r than aii', aaid therefore the ventilation is most 
<‘niei(‘nt. if th(‘ eurrcuit. is downwards, not upwards. 

77/r Ai'tioJi of Orejonu' i^oIve/Us. —A groat deal of work remains to 
b(^ done' Ix'fore wc^ (^a,n be said to understand fully the constitution 
of solutions of orga,ni(^ substa.ncos such as rosins or waxes in organic 
wolvmits. It. is, Iiowev(‘r, fairly well established that they are more 
in t-hes initun' of colloidal sus{)cnsions than true solutions. Van 
S(duuu‘k, for instane(‘, has j)ointc(l out that nitrocellulose in acetone 
or ainyl a<*<‘ta.t<‘ is not- a t.nu^ solution, because some of the cellulose 
vmi l)i^ tUttu-<‘(l out.-'^ 

solution of polynKuised oils and synthetic resins are well- 
known lanu'H wh(‘re a, slight (duingo in ])]iysical conditions will cause 

(!omphd(^ s<‘i>a.ra.tion from the solvent, indicating that no 
phi*'noiiH^non su(di as i<)nisation has taken place, the action of the 
AolviHii b(‘ing only to bn^ak up the Huhstance into particles small 
Miough t.o b(^ invisibh^. In some cases the particles are just on the 
bordm*-Uta^ of visibility, as in the case of a solution of damar in 
isUrpoiit ine, wlucdi is normally slightly opalescent, but can be obtained 
ik a piuleotly chair solution if prepared in the cold with special 
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precautions. On warming such a clear solutiou, it l)ooomes opale 
cent, suggesting that the particles in the pBCudo solution have forme 
agglomerates of visible climonHions. Tixier has gon<^ so far as i 
suggest that in tho case of the solution of resins it is not the resi 
that disBolves in the solvent, btit the solvent in the resin, and poiu 
out in evidence of this that wluui sci>aration of resin ocemrs from 
mixture of oil and resin a homogeneous solution can be obtained 1: 
adding more rosin. A. A. Drummond has published some nuj 
gostive investigations on tho action of solvents on syntheth; resin 
Space does not, however, admit of more than a brii€ ndtutuice 1 
this complex question, sufheient to indicate the lua^l for furtln 
systematic research. 

Viscosity,—Tho principal frinction of a volatile solvent in tl 
preparation of paint, varjtiish, and similar preparations is to rodu< 
tho mixture of solids and non-volatile mcidiums to a consistoiK 
suitable for application. The viscosity of the solv<mt itself is then 
fore of considerable practical importa-nco, because the lower i 
viscosity tho less of it will be required to thin a ])aint to the san 
degree. Although this is generally recognised, and a considiU'ab 
amount has been written as to tho relative “ thinning pow(u‘H < 
different solvents, such as turpentine and white sj)irit, veuy litt 
precise information has boon ])ublishcd as to the action of solv<mt-s i 
this direction, based on viscosity dotcriiiinations. 

Miscibility.—Tho capabilities of two different s()lv(‘.ntH to nil 
or bo mutually soluble, is ckpendent upon the interfacual tension, i.( 
the difference between the surfac^c temsion, or niutua,! aiiiaudic 
between tho niolcculcjs, of the rcspectiv(’) Ikpiids. If this dillVnuu 
is great, tho molecules of each liquid will draw i(>g(^.th(U’ in prefercHu 
to dispersing amongst those of the other liquid, and tho two liqiiic 
will separate. If it is small, the molecules of one liquid nunai 
dispersed among those of tho other and the two liquids form 
homogeneous mixture. Several cases have been nKuitioned in 11 
preceding chapters where the additioti of a third liquid, the Hurfa,( 
tension of which is intermediate between that of two imiuiscubl 
liquids, will cauBo mutual solution—-tho addition of a small <|uantit 
of butyl alcohol or methyl acetate, for example, rt^sulis in tl: 
miscibility of white spirit and alcolioL 

In general, substances nearly alike in properties and consi ituiio 
are completely miscible, and imperfect miscibility is due to dcviatic 
from the normal.^^ 

Tho great majority of volatile solvents arc mutually soluble an 
non-miscible with inorganic liquids such as water. The only organ 
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HolvontB wliioli arc rtiisciblo with water in all proportions are the 
lower absoJiolB (methyl, ethyl and propyl) and the lower ketones. 
’'Fhc^ higher alcohols and the acetic esters of lower alcohols have a 
partial Hohihility in water and arc miscible with hydrocarbons. 
Acetone prov(^H an exception to the gorioral rule in being miscible 
in all proportioiiH with both water and all other organic liquids. 
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